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PROCEEDIL NGS
8:00 a. m
KNOPMAN:  1'd like to wel conme everyone here again this
nmorni ng for the second day of the Board's neeting?

Qur plan for today is to focus on the progress in
t he Yucca Mountain Science Program hear about the Nye County
Drilling Program and the State of Nevada's Hydrol ogic
St udi es.

The Board is nost interested in hearing of new
results in these various prograns, their interpretation, and
their inplications for performance and reduction of key
uncertainties.

My col | eague, Al berto Sagués, will chair the first
session on Materials and Performance Mdeling. Wen we
reconvene at 10 o'clock follow ng a short break, D ck Parizek

and Don Runnells will co-chair the next session on

Geochem stry and Hydr ol ogy.

We're going to be breaking for lunch at noon and
resumng pronptly at 1:10, and |I just also want to rem nd
everyone that we will again be taking comments fromthe

public at 2:30, and we plan to adjourn as close to 3 o' clock
as we can.

For those in the public who would like to ask some
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questions during the sessions thenselves, we do have cards in
t he back, on the back table there, and you nmay wite out your
guestion, give it to Linda H att of our staff, and she'l
pass it on to us.

|"d just also like to again offer our Chairman's
di sclaimer fromyesterday, so everyone is clear on the
conduct of our neetings and what you're hearing and its
significance. Wen a nenber of the Board speaks, and this
i ncl udes the Chairman, that nmenber is speaking for hinself or
herself. W are not stating Board positions, unless we
i ndi cate otherwi se. When we speak, we're speaking as
i ndi vi dual s.

So I"'mnow very pleased to turn the gavel over to
Dr. Sagués, and look forward to a good session today.

SAGUES: Very good. Thank you, Debra. |'m Al berto
Sagués, a Board nenber, and we're going to have a coupl e of
presentations in this session. The first one, of course, is
the all inportant issue of the performance of the waste
package materials. And this first presentation is entitled
Wast e Package Corrosion Testing and Mbdel Devel opnent. The
presentation was prepared by Joe Farner, John Massari and
Venkat Pasupathi of the M&O Waste Package Operations. And we
have seen Joe Farmer present themin the past to the Board.
| don't think that he needs nuch further introduction, and

we're ready for him and there he is.
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FARVER: Well, the title of this presentation is Waste
Package Corrosion Testing and Model Devel opnent, and if we
could go to the introduction? W, of course, all realize
that we have a very difficult task. W have to maintain
| ong-term contai nment of the various high-level waste
conmponents. W have to do this for an extrenely | ong period
of time, 10,000 years. This nmeans, of course, that we have
to measure very, very small penetration rates, or corrosion
rates, and we have to do this with a very high degree of
accuracy. So a lot of what we've been doing over the past
year has been directed in this way, and | think you'll see
that as we go through sone of the viewgraphs.

O course, we also realize that site recomendati on
and |icense application requires a nunber of credible
predi ctive nodel s based upon sound scientific understanding.

W' ve al so been endeavoring to do this. W have devel oped a
nunber of nodels to satisfy this end. These include nodels
to address general and | ocalized corrosion, stress corrosion
cracking, juvenile failure and phase stability.

And, finally, we've already been able to draw
think sone fairly solid prelimnary concl usi ons based upon
this initial nodeling effort. First of all, with Alloy 22,
and this is of course one of the reasons we picked it, we
don't anticipate any significant |ocalized corrosion. It has

a very high repassivation potential, so this turns out to be
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an excellent material for the application that we're | ooking
at .

We al so believe fromlooking at data fromthe | ong-
termcorrosion test facility and other sources of data, that
the life of the waste packages will not be Iimted by general
corrosion. There was a concern early on with the phase
stability of material. As you'll see in sone of the
vi ewgr aphs today, we've been conducting in depth phase
stability studies of this material, |ooking at the
precipitation of Mu and other potentially undesirabl e phases,

and determning at what tinme and tenperature you have to have
to encounter these undesirable phases. And basically, we've

al so concluded that this does not appear to be a significant

probl em for the material under repository conditions.

At the present tine, we're focusing nost of our
attention on the final closure weld. This final closure weld
is unannealed. W can't relieve the stress very easily and,
consequently, it's a potential place where stress corrosion
cracking mght occur. So we're putting a lot of effort right
now on stress corrosion cracking.

This schematic is actually an overall, a roadmap of

how we're marrying or integrating these various nodels

together. Up at the top of the page, you can see one nodul e
t hat says, "Waste Package Surface Environment." It turns out
that the environment that the actual waste package interface



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

281

sees is not going to be exactly the same environnment that you
have in what is referred to as the near field environnent.
It's going to bee exacerbated because we'l|l have evaporation
and refluxing of the groundwater on the waste package
surface. This will tend to concentrate ions that could bring
about nore rapid corrosion. So we have actually been
conducting a |lot of studies, and have now nore or |ess
experinmental ly determ ned what this waste package surface
environment will be.

We al so have a phase stability nodel at this
particular point in tinme. This phase stability nodel
includes TTT di agranms, tine, tenperature, transformation
di agranms, based upon transm ssion electron m croscopy data,
as well as precipitation kinetics that tell us how fast it
takes for these various undesirable phases to precipitate.

You'll renmenber that a year or two ago, we were
cal cul ating environments in crevices, things such as
di ssol ved netal and crevice pH W' ve now set up experinents
and we' ve gone in and determ ned these pH quantities in situ,
so the data you'll see today are not cal cul ati ons, but
experi nmental neasurenents, and these neasures have tended to
val i date the conputational nodels that we've devel oped.

We have experinentally determ ned corrosion and
threshold potentials. This is a very inportant paranmeter in

det erm ni ng whet her or not the waste package wi |l undergo
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general corrosion or |localized corrosion. And, in fact, it's
t hese neasurenents that we use as a basis for justifying the
use of general corrosion rates for the waste package.

Once we go down through a nunber of sw tches, based
upon thresholds of potential and relative humdity, we
finally get to various penetration rate nodels. W have our
rate nodels for dry oxidation, humd air corrosion, |ocalized
corrosion, general corrosion, and also stress corrosion
cracki ng.

As you'll see later in the talk when we go to deal
Wi th stress corrosion cracking, we actually |ook at two

conpeting nethods for dealing with that particul ar
degradati on node; one nethod based on a threshold stress
intensity factor, and another based upon a finite rate of
crack propagation that's dependent upon the stress intensity
of the crack tip and environnental paraneter.

As | nentioned before, in the past, we've
cal cul ated the types of conditions that we have in crevices
that m ght bring about premature failure of the waste
package. At this point in tine, we've actually gone in and
experinmentally determ ned these. The top lines in the graph
that are horizontal and centered between pH 8 and 9 represent
the type of pH that you would see in a crevice of either 316L
or Alloy 22 in the presence of the various buffer ions that

exi st in the J13 groundwater.
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And, in essence, what you see with a |ot of buffer
capacity in the water, even though we form crevices, and even
t hough we apply a very high potential to the nouth of that
crevice, the pH does not suppress to any great degree.

Now, in contrast, if we renove those buffer ions,
as mght be the case at high tenperature, you can get al nost
spont aneous acidification with an alloy such as 316L
stainless steel. And, of course, this is one of the reasons
that we're using a nuch superior material, Aloy 22, as the
wast e package wal | .

I f you look at the curved |line that is |abelled
Alloy 22 in 4Mor sodiumchloride, this shows that even with
essentially a saturated chloride environnment, no buffer ion
present, and a very high applied potential, let's say 400

mllivolts, which is probably the highest that one could ever

i magi ne, the pH suppression is only 6.

So, frankly, even with the crevices, with a
material |ike Aloy 22, which remains passive, it seens that
the crevice environment will in itself be fairly benign.
This, of course, is good for us.

Anot her criticismthat we' ve received in the past,
and | think a criticismthat we' ve now addressed, is the fact
that we have not been working in the nost saturated possible
el ectrolytes. W' ve now determ ned what those worst case or

nost saturated el ectrolyte conpositions are. One of those we
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now term SSWfor sinulated saturated water, and this
particul ar electrolyte has a boiling point of around 120
degrees Centigrade. So we go in and run a cyclic

pol ari zati on curve such as this, and you can see that between
the corrosion potential and threshold potential 1, we

mai ntai n good passivity throughout this entire region.

And for those of you who are famliar with the
cyclic polarization curves for 316L, sonme of which are shown
in the back of your package, this is very different. If this
were 316L, you'd see a very |arge excursion and current near
t he corrosion potential due to the spontaneous pitting of the
316L. And, of course, we don't observe this with the Al oy
22. 1t remains passive over quite a |large range of
potenti al .

As | nmentioned before, we're having to go in and
nmeasure extrenely |low corrosion rates. 1In the past, the only
tool that we used to address the issue of |ow general
corrosion were wei ght |oss neasurenents. W have determ ned
through air analysis that as basic as these weight |oss
measurenents are, they're still quite sensitive. W can
measure penetration rates down to the order of 16 nanoneters
per year with the weight |oss neasurenents. So we can do
reasonably well with that.

But to add credibility to these general corrosion

rates, we're now using atomc force mcroscopy. This
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basically shows two surfaces exposed in sinulated acid water,
which is an acidified concentrated J13 water in the |ong-term
corrosion test facility for one year. And, frankly, and nost
of these coupons, you see virtually no attack of the
substrate. Any norphol ogy that you generally see is due to
the formation of a silicate deposit on the surface, and |

have a nunber of those inmages |'d be happy to share with sone
of you at the break afterwards.

We're focusing nost of our attention on stress
corrosion cracking. W don't believe that, as | said before,
general corrosion, or even the localized corrosion, is going
to be the nost inportant node of failure of this particular
wast e package design

Looki ng at the waste container in an unperturbed
state, there are three sources of stress that could bring
about stress corrosion cracking, and this is the unperturbed
wast e package sitting underneath a nice intact drip shield.

First of all, there's the weight stress. That's
due to the mass | oading of the container between two pedest al
supports. There's then a contact stress, which wuld be due
to sonme process, for exanple shrink fitting. And finally,
there's a residual weld stress. Mst of you who are famliar
with welding realize that after you weld a material and it
cools, you have a very high stress left in that weld region

unl ess you take steps to mtigate that stress.
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Now, as we | ook at the Method A stress corrosion
cracki ng nodel, and again we're approaching this in two
different ways, and |I'mjust going to show you the Method A
today, we base the propensity of stress corrosion cracking on
whet her or not the stress intensity factor at the base of a
preexisting flaw exceeds a stress intensity threshold, K_..

So in making this determ nation, we need two
things. First of all, we need a distribution of flaw sizes.

We need to know how a flaw is distributed, and this data
we're getting fromJohn Massari. Secondly, we need to know
exactly what the stress is in this weld region.

So we've gone in at this particular point, and we
had used the ring core nethod to actually go in and quantify
the stress in this weld region. And, of course, you can see
that in an unanneal ed weld, we can be up close to the yield
stress, around 55 ksi.

Now, one could just take this weld stress as the
way it is and say we're going to have to live with it. And I
guess to respond to sonme of--1'"ve heard sonme critics that
maybe we need to exercise sonewhat nore creativity, and
think this is a creative solution that we're | ooking at for
conplete mtigation of these weld stresses.

We have new | aser peening technol ogies that we're
usi ng on turbine bl ades, and we've now actually | aser peened

some weld sanples for Alloy 22. And the beauty of |aser
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peeni ng, or even shot peening, for that matter, is that you
can introduce conpressive stress over the weld, and that
conpressive stress can conpletely mtigate the residual
tensile stress introduced during welding. And, of course, if
you don't have that tensile stress, there's no way to have
stress corrosion cracking. So we are in fact |ooking at sone
new techniques like this to conpletely mtigate sonme of these
anticipated node failures |ike stress corrosion cracking.

John Massari, who's in the audi ence, has done a
great deal of work in the past year to |look at juvenile
failures in the waste package. He has conducted a very broad
based literature search, and he has found a nunber of generic
flaws that m ght be anticipated in the waste package.

For exanple, you would have wel ds and base net al

flaws. You mght also have out-of-spec material in the weld
or base netal, inproper heat treatnent, surface
contam nati on, handling damage, and al so ot her types of

adm nistrative errors that could bring about problens. And
he also lists four flaws there that are not actually
anticipated in the waste package.

He, in looking at the literature, he | ooked at a
broad base of information. For exanple, he | ooked at data
having to do with boilers and pressure vessels, nuclear fuel
rods, radioactive Cesium capsules, dry storage casks for

spent nucl ear fuel, and food storage cans.
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And the interesting thing to nme that cane out of
all these studies that John did is basically, the failure
rates for a container that is welded shut woul d be expected
to be somewhere between 10° and 10° per container. And |
think that these failure rates are within the real m of
acceptability for the waste package perfornmance.

John has also furnished us with a very nice set of
flaw size distributions that we're directly inputting into
the stress corrosion cracking nodel. Renenber, this
particul ar node failure nodel requires two inputs; one, the
weld stress. W' ve now experinentally nmeasured that. And a
distribution of flaw sizes. And fromthe study that John has
done, we now fortunately have the distribution of flaw sizes
that we're using in the nodel

As | nentioned to you before, one of our biggest
concerns when we first started |ooking at these extrenely
corrosion resistant materials Iike Alloy 22, and frankly, one
of the deterrents fromusing these materials in the first
pl ace were possible problens having to do with phase
stability.

Frankly, it's not that we thought that there would
be a phase stability problem but it's known that many
al l oys, such as 316, are in fact netastable over extrenely
| ong periods of tine. So when you want to use those in an

engi neering application such as the one we have here, you
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have to do fundanental studies to go in and assure that you
aren't going to precipitate out an undesirabl e anount of
phases that can cause invertilenent of the materi al

We've now aged a | arge nunber of sanples. W' ve
done transm ssion el ectron microscopy, and in a nutshell,
we' ve concluded that we could hold this material for 300, 000
years under isothermal conditions before we would have the
onset of any of these precipitates to formon a grain
boundary. So we think that this is a very positive statenent
for the waste package material. So at this particular tine,

we don't believe that phase stability will be an inportant

l[ife-limting problemwth Aloy 22.

This is a time, tenperature, transformation
diagram | think many of you who are in the engineering
field recognize this. This is something we frequently rely

on in ternms of deciding what ranges of tenperature we can
work with a given material. And basically, by |ooking at
this diagram you can conclude that, again, at 300 degrees
Centi grade, we should not have appreciabl e | ong-range
ordering or precipitation of undesirable phases, such as P or
Mu.

And | know Ji m Blink expl ai ned this yesterday, but
the reason of course we don't want these undesirabl e phases
isif we conpletely decorate the grain boundaries with these,

the material becones nechanically enbrittled. If these
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materials precipitate in the bulk, they tend to be rich in
tungsten and nol ybdenum which are the two alloying el enents
that are responsible for the tremendous passivation of this
mat eri al .

So if you formthese precipitates that are rich in
tungsten and nol ybdenum you deplete those alloying el enents
adj acent to those particles, and you m ght potentially open
up a pathway for a localized attack. So fortunately in our

case, it would take, you know, many tinmes |onger than the

life of the repository to achieve those conditions, 300,000
years.

We are putting all of these various waste package
nodel s into reports that have gone under various nanes in the
past six nonths. But | think at the present tine, they're
called ARs, if I"'mnot mstaken. | think those are analysis
reports. They were analysis nodel reports at one point. But

at any rate, these reports summarize the nodels that we're
using to assess waste package performance. And | won't go to
the trouble to read all of these for you, but you can see the
| ar ge nunber of these analysis reports that we're preparing
right now Many of them are nearing conpletion, and we are
pulling themall into one collective report called a process
nodel report that will be used as one of the basis docunents
for site reconmmendati on.

Let nme see, there are a nunber of other inportant
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i ssues that we have to deal with. First of all, I think we
have to realize that in the |ast year, we've cone up with
actually a very good design, but it's a new design and it has
some new materials init. And for this reason, | think we
have to realize that we don't have as nuch data with sonme of
these new materials that have recently been introduced as
some of the materials, such as Alloy 22, materials that have
been in the program historically.

So, frankly, we're probably going to need to
acquire sone nore data to give a nore solid foundation to the
nodel s that we're devel opi ng.

There's sone uncertainty because of the fabrication
processes, and the TSPA/ VA design, when we did the shrink
fit, the shrink fitting operation actually introduced
conpressive stress into the Alloy 22. |If we do the sane
shrink fit operation in this particular design, the stress
that's introduced into the Alloy 22 is actually tensile, and
m ght conceivably contribute to sonmething |i ke stress
corrosion cracking.

So | know that many of the engineers in the program
are | ooking at exactly how we pursue these various
fabrication processes to nmake sure that we don't
i nadvertently introduce problens into the design as we seek
to inprove it.

And, of course as |'ve shown you, we have ot her
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t echni ques avail able to us now, such as |aser peening, where
we can mtigate weld stress.

There are other issues having to do with the
nodeling itself. For exanple, in one particular area of nost
concern to us now, stress corrosion cracking, we have two
conpeting nodels, so one is faced with an academ c argunent
of which nodel is better. Frankly, rather than try to answer
t hat question, we've decided that we will probably pursue
both of these nodels in parallel, and do an assessnent with
both nodels nore or less as a type of sensitivity anal ysis.
So hopefully in the future, you will see an assessnment of the
cont ai ner based upon these two conpeting nethodol ogi es for
assessing stress corrosion cracking.

We at the present tinme have given nuch
consi deration and done a | ot of experinmental work on
m crobi al induced corrosion. W know that sulfate reducing
bacteria can produce sulfide, and sulfide m ght exacerbate
stress corrosion cracking. W have not yet quantified this

nodel , but are going to strive to do that in the future.

O her effects that | think in the past have been
assuned fairly mnimal, and | think, in all fairness, are
probably still not very significant, are probably the effects
of gamma radiolysis. There have been various versions of the

newer designs where the gamma field was quite high, and in

t hose cases, we would have had to account for the anodic
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shifts in the corrosion potential due to the formation of
hydrogen peroxide. But | think in the EDA Il design in its
current incarnation, | don't perceive that as a problem but
we are undertaking a strategy to deal with issues such as
gamma radi olysis and the inpact on the corrosion potential.

And in summary, we of course have picked materials
t hat have very, very long lifetimes. |In order to assure
public safety in dealing with these materials, we have to
make very small penetration rate measurenments, and we have to
do these with a high degree of accuracy. In order to nmake
t hese neasurenents, we're using a nunber of cutting edge
tools, as |I've shown you, such as atom c force m croscopy.

We're also trying to devel op nodel s that have a
sound scientific basis for site reconmendation and |icense
application. A nunber of these nodels have been devel oped
and are going to be used as a basis for performance
assessnment. These include general and |ocalized corrosion,
stress corrosion cracking, juvenile failure and phase
stability.

And, finally, to reiterate our prelimnary
conclusions, we don't believe that there will be any
significant localized corrosion. As you see, the conditions
in the crevices, will probably be quite benign. The life
should not be Iimted by general corrosion. And we've also

seen at this point that it |ooks |ike phase stability is not
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going to be alife limting issue either. W're at the
present time focusing our attention on the stress corrosion
cracking, and hopefully by the next time that the Board
neets, we'll have sone good things to say about that.

SAGJES: Thank you very nuch, Joe. Let's see if we have
sonme questions from Board nenbers. Dr. Bullen?

BULLEN: Bullen, Board. Joe, actually I've got three
guestions. The first one actually conmes back to your |ast
poi nt on ganma radi ol ysis where you nake a point that you're
going to repeat the gamma pit studies for Alloy 22 and G ade
7 titanium Are those gamma pit studi es open system or
cl osed systen?

FARMVER: When you tal k about open system or closed

system vyou're tal king about the el ectrochem cal cell?

BULLEN: Well, actually, I'mnot interested in the
potential changes. |'mactually interested in the production
of the products, and in an open system -

FARVER: Nitric acid.
BULLEN: Well, in that case, nitrites, and then the
potential for the formation of nitric acid in the right

environment. And | guess the question that | have is in an

open system and to be honest, I'mnot really concerned about
radiolysis effects on the waste package. |I'minterested in
radi ol ysis effects on the structural conponents in the near-

field environment. |s there any effort to take a | ook at
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t hat ?

FARMVER: Frankly, | think the general assunption has
been that the gamma radiolysis is insufficient to cause any
significant defects in the material. |[If it was neutron
radiation, it would be a different issue. But with the gamm
radiation, | think that nost of the inpact we'll see will be
on the environment. The ganmma field will couple with the
environnment, and then that will couple with the materi al
itself.

BULLEN: Right. And the concern that | have is in an
open system if you take a ook at an unlimted anmount of
wat er vapor and an unlimted anmount of nitrogen in the air,
then what |'ve got is the potential over the 300 years or so
that the Cesiumand Strontiumare giving us the big ganm
doses, to produce radiolysis products that probably won't
affect the waste package, because even with the potentials
that you' re going to get, and the acidification of the near
surface, it's not a problem But if it noves to other
| ocati ons and actually condenses in cool spots in the
repository, that's where you end up with the problem

FARVER | think the experinental limtations are that
the studies will be just--we did these studies in the md
Ei ghties, as you renenber

BULLEN: Right. These are the Bob d ass studies?

FARVER Right, the Bob d ass experinents.
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BULLEN: Okay.

FARMER: And, of course, KimJin Young at Ceneral
Electric, he's doing those types of studies at the current
tinme, sane type of apparatus. And just because of the
practical limtations of the experinment, you wi nd up doing
these in a closed el ectrochem cal cell

BULLEN: Right. You mght want to consider in the far
term or at |east addressing the issue of an open system and
t he potential production, particularly in light of the fact
that the Shoesmith studies results are nostly cl osed system

They're | ooking at brines, they're |ooking at anoxic
environments, and it's not what we have. And so the concern
that | have is that you're really going to have sonething
like the dimx Mne effect, where in the heater holes, it
didn't rust, and in the waste holes, it rusted.

FARVER:  Yeabh.

BULLEN: And | think sonething of that magnitude m ght
be inmportant, particularly replacing the concrete liner with
steel sets and rock bolts, is going to give us a potenti al
for accel erated degradation and a very high radiation field
environment. O course, you could nmake that radiation field
environment go away if you nade your waste package a little
thicker, but that's not anything that 1'd want to suggest.

FARVER: Yeah. | think in ternms of nodeling, you know,

the gamma radiolysis, one thing we'd have to do for an open
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systemis you' d probably run a closed system experinent where
you woul d nmeasure the accunul ati on of hydrogen peroxi de and
corrosion potential, and then you woul d probably construct
sonet hing |ike, you know, the standard chem cal engineering
stir tank reactor nodel

BULLEN:  Yes.

FARVER:  \Where you basically have in-flow out-flow and
you' ve got a sinple first order ordinary differential

equation you can solve to calculate the build-up of those

speci es.
BULLEN: That would be a great nodel to set up, because
then you could tell nme in a quantitative sense over 300

years, what's the cunul ative ambunt of bad actors you're

goi ng to meke.

FARVER:  Ckay.

BULLEN: And then that would be sonmething that's, you
know, readily doable and you could say, well, we've got a
whole ot or we don't have very nuch, and maybe work from

there as to address the issue.

The other thing is you could do that effect with
varying dose rates. | nean, the dose rates of a few hundred
r/ hour, to depending on the waste packages that you talked

about, if you get to 10 to the 3rd r/hour, you get into sone
really exciting areas of radiation production.

Can | change gears here and ask anot her question?
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Coul d you put Nunber 16 back up, please?

FARVER:  Ckay.

BULLEN: It's the TTT diagram You've got a not yet
sanpl ed box on sort of the 350 degree C. range there where
you're |l ooking at the purple curve on the far right. Are
those data points going to be filled in any tinme soon?

FARMVER: Actually, this is an old viewgraph. Those data
points are filled in, and | think the TTT di agram has not
changed very nuch

BULLEN: Ckay. So you actually have the boundary there
for the Mu phase formation?

FARMVER: Yeah. You know, this is a fluid and dynam c
program and sonetines the viewgraphs conme off the printer
before the data gets filled in.

BULLEN: Ah, before the data are available. Oay. So
you're pretty confident that at the 350 degree C. range,
you' ve kind of turned the corner and you' re not exponentially
goi ng down any nore?

| guess the question that | have, and you al ways
ask this on a TTT diagram is if | wait |ong enough, can
still get it? And if | have a couple hundred years at 200
degree C., am| going to be in the range where |I've got sone
Mu phase formation at the grain boundaries that m ght give us
sonme probl ens?

FARVER: We've done two cal cul ations. For exanple, it's
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very easy when you | ook at the m crographs, this actually is
Tamry Summers' data, as | know nost of you are aware, but as
Tamry | ooks at the m crographs, it's very easy to see the
poi nt at which the grain boundaries are fully decorated with
t hese precipitates. You know, it's |ike Christnmas
decorations. |It's actually very pretty. It's alittle
frightening, but pretty.

And then the harder thing to spot is the onset of
that precipitation process. O course, froma design
performance point of view, we're not so interested as to when
that ultimate precipitation occurs. W're nore interested in
the onset. So it turns out that through a m xture of
t echni ques, both transm ssion electron mcroscopy and
interestingly enough, just electrochem cal neasurenents, you
can actually see at what point that precipitation process
begins. It's just like using an EPR or sone of the
el ectrochem cal techniques to detect M23 C6 carbi des and
sensitized stainless steels.

So, in essence, | think Tammy is using this
particul ar technique. She's using electrochem stry coupl ed
with both the transm ssion el ectron m croscopy, electron beam
defraction, and the SEM And she's marrying those together
to pinpoint the onset of that grain boundary precipitation.

BULLEN:. Well, as with any kinetic process, you get a

ot nmore confident if the tenperature goes lower, that it's
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probably not going to happen. And so if the waste package
t enperature never got above 150 or 200 degrees C., you're
really confident that you'll never get the Mi phase?

FARVER: Well, | think you're getting into nodel and the
i ssues of nodel uncertainty, and |I'd say that the biggest
thing that we're concerned about now with the phase stability
nodeling is reducing uncertainty, and | think that probably
is true across the board. But | would say based upon Tamy's
prelimnary calculations with the nodel she has in place at
this point, the indication is that, you know, and this is
hol di ng the waste package isothermal, that nmeans that it
doesn't go through a pulse, but it stays there for a | ong,
long tinme, 300,000 years, to get the onset of precipitation.

BULLEN: At what tenperature?

FARVER: 300 degrees Centigrade.

BULLEN:  Okay.

FARMER: So 300, 000 years at 300 degrees Centi grade.
And you' Il notice yesterday when JimBlink gave the
presentation, | think that sonme of the tenperatures selected
in the LADS process were not entirely coincidental. | think
t he fol ks who went through that process, | think they
obviously had the cladding tenperature limt of 350 degrees
Centigrade in mnd, but they were also trying to keep the
tenperature on the waste package materials down as well,

because, you know, a |ow tenperature benefits you in many,



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

301

many ways.

BULLEN: And actually | would agree with that
whol eheartedly, and the only concern that | have is that if
you' ve nucleated this during the weld process, that you may
actually want to stay cooler so that you can buy yourself
some nore tinme. And what |evel of cool ness you ascribe to,
whether it's the Board's, let's not boil it, or if it's
sonmething a little higher than that, | think the | ower the
tenperature, the better off you are.

Now, one |ast quick question and then |I'Il be done.
| prom se
COHON: Dan? Dan, wait a mnute. Could | just junp in

for a mnute while you' re tal ki ng about this?

BULLEN:. Yes, Jerry, any tine.

COHON: This is a question fromthe real world as
opposed to you experts on this stuff. I'mtrying desperately
to understand this because it sounds like it's very inportant

and goes directly to the |ife and performance of the waste
package.
How many orders of magnitude, |ooking at this
di agram are you going out to the right fromdata that |I'm
presum ng those dots represent?
FARVER: Well, obviously quite a few orders of
magni tude. And, frankly, this data, this is nore or less a

map of the data points that we have. So at this particul ar
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poi nt, you know, we have sanples that have been aged up to
40, 000, 50, 000, 60,000 hours, five years, and those are about
the | ongest data points that we have.

VWat we do is we take a whole array of those
sanpl es, and interestingly enough, in terns of reducing nodel
uncertainty, | didn't believe it until it was proven to ne,
but in ternms of increasing the certainty in this TTT di agram
some of the data points at high tenperature and |low tine
actually are heavily weighted in terns of reducing nodel
uncertainty, you know, the point where you can actually
determ ne the nose of those curves in the TTT di agram

But they basically take these sanples that have
been aged five years, and sone that have been aged for
shorter periods of tinme, and they build Arrhenius rate
expressions. And by |ooking at those sanples and determ ning
the volune fraction of Mu or P phase, or the conbination of
all of those phases, are precipitated on the grain
boundaries. You can actually develop kinetic rate
expressions. You can determ ne the uncertainty in those
nodel paraneters, and you can extrapol ate those out to a | ong
time, and that's been done.

| would have to say that | believe that, for
exanple, if we say that the life of the waste package based
on phase stability is 300,000 years, we're probably saying

that it's probably sonewhere between 30,000 and 3 m | lion.
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But the point is at 300,000 years, you have quite a good
mar gi n.

Now, if we were telling you that the waste package
lifetime was 10,500 years, you know, it would be sonewhat
nor e squeam sh

COHON: 30,000 to 3 mllion based on order of ten years
of data?

FARMER: Correct.

COHON: Ckay.

FARVMER  And unfortunately, in our finite |lifetines,
that's probably about as well as we can do as human bei ngs.

SAGUES: Since |'mthe Chair, |'mgoing to take
advantage of that. O course in any of these things whenever
you're getting to an Arrenhius extrapol ation, you're doing
that in conjunction with sonme kind of a nucleation and growh
nodel for the precipitates.

FARMER: Correct.

SAGJES: And that nodel has thermal dynam c assunptions,

and it has assunptions as to in which reginmes the phases can

grow up and they cannot grow as well; right?

FARVER.  Ri ght.

SAGJES: So that is nore than just sinply--1 nean, the
Arrhenius extrapolation is, by itself, an assunption.

FARMVER: That's correct. You can have changes from one

mechani smto another. You know, you would get a
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di scontinuity in the extrapolation |ine.

| would tell you, for those of you who are famliar
wi th nodeling of netallurgy, we have two codes that we're now
using. W're calculated the phase diagramw th a code called
THERMOCALC. That was prepared by Dr. Larry Coffman at MT.
He's working in collaboration with Patrice Turchi at
Livermore. | think these two fol ks are probably worl dw de,
probably just about two of the best experts in ternms of doing
these types of solid state thernodynam c cal cul ati ons. So
they're working on the nodeling of a phase di agram

We're al so using another code called DI CTRA, which
can in fact account for sone of these nore subtle changes in
mechanism And aside fromthat, | probably can't give you a

better answer at this particul ar point.

SAGJES: Very good. Are you finished?
BULLEN: One | ast quick question. Bullen, Board.
Back to the |laser peening, |"mjust curious as to
how, when you do | aser peening of the closure wall, and you
say you can do nmultiple passes and actually get the

conpressi ve strength?

FARVER: Correct.

BULLEN. How deeply can you go, and have you consi dered
the fact that ultimately, you' ve got this oxidation or
corrosion that's going to take place, and so can you

conpletely mtigate the yield strength, or the yield stresses
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that are in the weld, or do you only have a surface effect,
and how deep is this?

FARVER: | don't think you can conpletely mtigate the
weld stress. | think nost inportantly, you can probably
conpletely mtigate the weld stress at the surface. And if
you' |l 1 ook back at Slide Nunber 11, these are sone | aser
peeni ng data collected at Livernore for 4340 steel, and |
have to apol ogize, we did this with a different material.

Now we have data for Alloy 22. W don't have it plotted, but
hopefully at sonme point in the future, we'll be able to share
that with you. But what you see fromthis diagramis that
you can do nultiple pass |aser peening. In essence, they set
the, if it's a circunferential weld, they set it on |like a
turntable and rotate it, and you actually have--it's a very
interesting process. You take a Qswitch |aser and you zap
the surface of this weld, and every pulse they hit the waste

package with, you have to have bl ack electrical tape, you

know- -

BULLEN:  Unh- huh.

FARVER: O course these netals are reflective surfaces
and you don't get much |ight absorption. So what they do as

a tanper, they use black electrical tape wapped around the
wel d, and then they spray water on that black electrical tape
to cool the waste package. So when the |aser beamhits the

bl ack el ectrical tape, it turns the electrical tape into a
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plasma, if you will. That plasma couples with the water.
The water is keeping the base tenperature of the nmetal cool,
but it's also hel ping probably forma steam bubble. And that
sends an acoustic pulse into the material that dries it into
pl asticity.

And, in fact, | think we took one sanple back to
DCE and showed sonme fol ks there, but you could actually see--
you see the little pock marks all in the Alloy 22 surface
around the whole weld. So it's amazing that, you know, |ight
beam coul d do such a thing.

BULLEN: In the process of your nodeling of stress
corrosion cracking, can you use the corrosion rate, so that
after |1've basically corroded away the surface that |'ve
affected, | switch on to SCC nodel, and so if it takes ne a
t housand years or 10,000 years to get rid of 50 mls of the
outer surface, then |I actually have the underlying residual

stresses that would be available to switch on an SCC nodel

t hen?

FARMVER: Exactly. That's exactly what we're trying to
do. | know that June has set up, or he's in the process of
getting his nodel set up to do that exact thing. So as he

iterates through the cycle, he'll probably, every iteration,
he'll do an inspection to see if stress corrosion cracking is
a problem And if we introduce | aser peening, we'll know
that we've mtigated the stress down to a certain depth, and
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then after we' ve penetrated beyond that mtigated depth, then
you turn on stress corrosion cracking.

BULLEN:. Thanks, Dr. Farner.

SAGJES: Very good. The next question is from Don
Runnel | s.

RUNNELLS: Don Runnells, Board. Just as an aside, |'m
interested to hear you're using black electrical tape. |
t hi nk when you reach the | evel of using duct tape, the
programw || have really arrived.

FARVER  Well, | can tell you in ny lab, we're there.

RUNNELLS: Okay. |'mnot surprised.

| have a coupl e questions about D agram Nunber 5.

Let nme ask first about the pH the crevice pH You made the

poi nt that the potential at the crevice nouth of about 400
mllivolts versus silver/silver chloride produces a pH of
about 6 or so, 6 1/2.

FARVER: That's the worst case probably.

RUNNELLS: Right; in Alloy 22. Even with high
el ectrolyte, even with sodi um chl ori de?

FARVER. Ri ght.

RUNNELLS: Now, you don't have to pull up the diagram
but in the back of your packet, Di agram 34, you show a pH for
the inside of the crevice--

FARVER: Well, actually let me--you may be

m sinterpreting. Wen | say crevice pH here, the pHs plotted
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in Nunber 5 are in fact the pH inside the crevice.

RUNNELLS: But on Di agram 34, maybe we will have to pul
it up then, at 400 mllivolts, | guess |I'mseeing a pH of 4
or so.

FARVER In that one, let ne see, | |ook--

RUNNELLS: So I"'mtrying to understand the--

FARVER No, actually | ook at that one--maybe | could
point it out.

RUNNELLS: O even 3 1/2.

FARVER At any rate, we have 400 mllivolts at this
particular point. So in this experinment, the reason | put
this in the packages, in a ot of the experinments we would
set at a fixed potential and let the crevice sit there for a
week, two weeks, some very long period of tine. | like this
experinment because we basically did steps of potentials so
you can see sort of how the pH steps down as we increase the
potential at the crevice nouth. And here at 400 mllivolts,
you can see that the pHinside the crevice is around 6, and |
think that's nore or |ess consistent.

RUNNELLS: Okay. | need to use the left-hand side.

FARMVER: The blue one is right outside the nouth.

RUNNELLS: Thank you. So that is consistent.

Let me ask you a question, though, about the
interpretation in Figure 5 again, if we could go back to

that. And it concerns the chem stry of the water and the
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chem stry of J13 water. You nmade the point that with the
upper two lines in Figure 5 Aloy 22 was in saturated
chloride water; is that correct?

FARVER: Correct.

RUNNELLS: And in 4M NaCl, with buffer ions, even under
t hose severe conditions, if you have the buffer ions in the
water, your pHis nmaintained at a fairly high val ue.

FARVER Right. That's what we observed.

RUNNELLS: Right. Now, on the right-hand side of the
di agram you say the buffer ions precipitate at el evated
t enper at ur e.

FARMER  That's correct.

RUNNELLS: Now, can you explain to ne what happens--what
connection is there between the precipitation of the buffer
ions and that pH that requires the buffer ions dissolve in
water? In other words, if the buffer ions precipitate at
el evated tenperature, does that pH that we see there as being
very favorable, a pH of 8, does it change at el evated
tenperature when the buffer ions precipitate?

FARVER: Well, it can. | nean, the first thing to point
out here is we are nmaki ng an assunpti on about what happens
at--we' Il not we're making an assunption, but we know that
the buffer ions precipitate out at el evated tenperature.

RUNNELLS: Right.

FARVER. All these data are for anbient tenperature. we
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now have sone data and are collecting nore at high
tenperature. Frankly, nmaking these in situ crevice pH
measurenents is sort of a newthing inits own right, so we
did the easiest neasurenments first, which were at anbient
tenperature, and now we're doing a high tenperature. But the
reason that we gave this curve with saturated chloride and
this curve with buffer is the realization that reality wll
fall somewhere between those two limts. You can think of it
as two bounding curves, if you wll.

And, in fact, this particular point here, we took
and m xed 4 nolar sodiumchloride, so we basically have used
SCWw th 4 nolar, or enough sodiumchloride to nake 4 nol ar
solution, dunped into it. And basically what you can see is
t hat as you nove sonmewhere between the sinulated concentrated
well water and the 4 nolar chloride, the pH noves between
these two |imts. So that's actually what you see with this
particul ar single point.

RUNNELLS: GCkay. So | think what you're saying then is
the extrapol ation of elevated tenperature, you' d expect the

pH, the crevice pHs, to be sonewhere between those two sets

of |ines.
FARVER: That's what | woul d expect, and we've done
measurenents up around 85 degrees C., and that is true.

RUNNELLS: Okay. One last question then on this

diagram \Wat role, if any, do the m nor conponents that may
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be present in the water, the interstitial water, if you |iKke,
in the unsaturated zone play in the corrosion pH, the
corrosion potential? [I'mthinking particularly of things
like fluoride and nitrate that nay be present in the water in
very small amounts, but may be inportant for corrosion. Have
you investigated that at all?

FARVER W have. W have a whol e ensenbl e of test
nmedi a that we have right now There's the sinulated dilute
water, a sinmulated acid water, sinulated concentrated water,

simul ated saturated water, and sonme other variants on those,
pl us these concentrated el ectrol ytes--or these saturated
electrolytes we use. So fromthat, we can | ook at those and
infer at least first order to what inpact ionic strength
affects corrosion, and for exanple, the presence or absence
of things like fluoride.

So the quickest answer to that question is just to
tell you that in a long-termcorrosion test facility, after
exposing these things for two years, there's no evidence of
crevice attack, there's no evidence of stress corrosion
cracking, and there is virtually undetectabl e general
corrosion, though we see sone silicate deposit on the
surface. And | can show you sone of the x-ray defraction
results.

RUNNELLS: But that's favorable.
FARMER  That's very favorabl e.
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RUNNELLS: So just in a nutshell then, you're saying
even in the long-termtests that you' ve run in the presence
or with trace anmbunts of fluoride and nitrate, you're still
seei ng no unexpected or accel erated corrosion; is that
correct?

FARMVER: That woul d be my concl usi on.

RUNNELLS: Ckay, thank you.

SAGUES: Ckay, very good. Quickly, on this figure, what

happened- -your crevices there, the tightest ones are about
11 millinmeters.
FARMVER: Yeah, | think 110 mcrons; right, .11

mllinmeters.

SAGJES: What woul d happen if you woul d nake the crevice

either tighter or deeper? Wuldn't then that tend to bend

down to separate curves?

FARMVER: Theoretically, you would expect somewhat nore
pH suppression in a tighter crevice. | think the biggest
effect we see in these particular experinents is whether or

not you passivate the alloy being used to formthe crevice.
For exanple, we could get sonme fairly nodest
suppression of pH, and in fact, if you'd |ike to see them
have sone phot ographs where we can show you how t he surface
actual ly breaks down.
SAGJES: W can look at those later. It was just a

qui ck comrent because we have a couple of other questions.
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FARMVER: Ckay. Tighter crevices theoretically give you
| ower pH  Frankly, here between 540 m crons and 110 m crons,
you don't see nuch effect. W could probably cut this
crevice size by another factor of two for kind of a nore
typical crevice dinmension. |It's probably not going to
suppress the pHa lot nore. And, of course, this is based
upon what we observed, not theoretical, because you get a
| arger potential, you know, as you constrict the current
path, the potential drop becones greater, the electric field

beconmes greater, and you punp nore chloride in and the pH

goes | ower.

SAGUES: Thank you. W have a question from Debra
Knopman.

KNOPMAN:  Knopman, Board. |'mnot an expert in this

area by any stretch. Let nme ask a very general kind of
question. If you had to rank the three primary materials
that are going to be used in the waste package and the
engi neered barrier system A 22, titanium stainless steel,
rank themin terns of your confidence in your ability to nake
| ong-term predictions based on current know edge of materials
behavi or at the 10,000 year tine frame and then 100, 000 year
time frame, how woul d you--

FARVER: Well, | would, at this particular point, 1'd
rank C-22 first. W've had it in the programthe | ongest.

You know, we're pretty far along with the phase stability
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studies. | think, you know, people know a | ot about 316L
stainless steel, but only on tine frames of 10 to 20 years,
maybe 30, 40 years. But, you know, once you get into these
really long periods of tine, you have the sane phase
stability issues with the 300 series stainless steel that you
have with Alloy 22.

Sol'd tell you right now, Alloy 22 would be first.
| woul d probably, as long as we don't gal vanically couple
the titaniumdrip shield to sonmething |ike carbon steel, and
| think the designers went to great |engths to nmake sure that
this was not done, | think titaniumwould probably be the
second because, you know, its only failure node is general
corrosion. |It's a very easy thing to understand and nodel ,

rel atively speaking.

And, finally, in ternms of predictability, | would
make the 316L, it's a great structural material, and that's
why we picked it, and we're not claimng any performance
based on corrosion resistance, and that's not saying that it
isn't going to performwell, but it has a very--its pitting

potential and corrosion potential are very cl ose together.

| f you could go over to Slide Nunmber--it's beyond
Nunber 20, but 1'Il show you just an exanple. This is a
cyclic polarization curve for the 316L in the sinulated

saturated water, but here only at 100 degrees Centi grade.

And, of course, the reason that we aren't using 316L as the



© 00 N oo o B~ w N P

N N NN B R R R R R R R R
W N P O © N O U~ W N R O

24
25

outer barrier of the waste package is notice here, you get

this great current excursion.

pitting of the 316L.

And if you recal

this was just a flat passive region.

at all of pitting of the Alloy 22, but in the case of

316, you know,

t he place where you have pitting occur

t he

potential-wise is quite close to the corrosion potenti al,

that introduces a | ot of uncertainty and woul d nake it

probably somewhat difficult to predict the long-term

performance of this materi al

The beauty of the 22 is that, you know, the

repassi vati on potenti al

cl ose to oxygen evolution, and well renoved fromthe

corrosion potenti al,

equi librium

SAGUES:

kay, |I'mgoing--yes, if we can have a quick

guestion from Paul Craig, we have a couple of additio

guestions fromthe audi ence.

CRAIG Craig, Board. First of all, Joe, I"'mju

which is where the systemsits at

nal

st
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This is due to very aggressive

fromthe curve for the Aloy 22,

So there's no evidence

and

or the threshold potentials are out

amazed at how nuch progress you' ve nmade in the |ast year with

your course mcroscope and the crevice work is very,

i npr essi ve.
FARVER
CRAI G

Thank you.

want to junp a little outside the

very
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presentation, and we're now going to two netals, titanium
mai | boxes, drip shields, and the C22, and what I'd like to
ask you to do is to help us to think about the probl em of
common node failures between those two. Are there concerns,
and if not, why not?

FARVER | guess in ny mnd, | think that you have, by
having a--if you had, let's say, an Alloy 22 drip shield and
an Alloy 22 waste package, | woul d have been concerned in
terms of arguing defense in depth error, because if you
devel op sonme | ong-termenvironnment in the repository that,
| et's say, brought about stress corrosion cracking of the
drip shield, it would also bring about stress corrosion
cracki ng of the waste package.

The fact that we have now picked titaniumand All oy
22, sonething that we mght worry about with Alloy 22 is--|

don't think this is going to occur, but if | wanted to start

playing what if, | would say, well, what if we have a | ot of
sul fate reducing bacteria, we formsulfides. WlIl, that is
fairly aggressive to G 22, or can be under the right

conditions, but not to the titani um

So | think the fact that we have these two
different materials placed apart, as they are, | think that
does, to sone extent, give you defense in depth. Things that

| woul d expect to bring about a node of failure in one

mat eri al do not necessarily bring about a simlar node of
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failure in the other material.

In terns of--it depends on what you al so define as
common node failure. | think there was sonme interest in
trying to nodel the corrosion of the drip shield initially so
that we woul d be opening up patches or holes in the drip
shield, and this would form areas where water would sort of,
you know, drip |like a | eaky roof onto the waste package. |
think in reality the corrosion rates of the titaniumare so
slow, | personally would doubt that you're going to get any
patches like that to open up on the waste package over the
repository lifetines.

What you m ght have happen, though, is you have
these drip shields butt to butt, you know, end to end, so if
you had ground novenment and you sonehow di spl aced those drip
shields so that you open up one of those junction points so
that you could get water comng through, | think that, if you
said that that was a failure in the drip shield, the water
dri pping on the waste package underneath, you m ght view that
as sone type of a common node failure, because the failure in
one has sonehow influenced the failure of what's directly
underneath it.

SAGJES: Joe, if | may, if it's all right with you,
Paul, I would like to address a couple of questions that were
given to nme fromthe audi ence. W have been able to address

quite a bit in this issue. But very quickly, if you could
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give a very brief answer to both, one of the questions is
have you or are you planning to |look at the effects of
radi ati on i nduced segregati on on phase stability?

FARVER. | honestly have to say we have not proposed to
do that. For the nost part, | think we felt that the neutron
dose for the Alloy 22 is so lowthat it's not necessary.

It's an excellent question you ask, and | think we need to
come up with a good technical basis for either doing that or
not doing it, and we haven't done that. That's a good
suggesti on.

SAGUES: Thank you. And the second question fromthe
audience is a nore general question. Wat effect will the
heat fromthe high-level waste have on corrosion of the waste
package? And are there any tests planned? This is from
Sally Devlin.

FARVER  Yeah, the tenperature of course wll or could
i npact the corrosion rate of the waste package. For those of
you who have had the opportunity to visit the project's |ong-
termcorrosion test facility, you'll renenber of course, you
know, we test at two different tenperature levels, 60 and 90
degrees Centigrade. Wth the advent of these new test nedia
like the SSWthat boils at 120 degrees Centigrade, we're
probably in the future going to be bringing along tests at
hi gher tenperature. So it's a good question. Tenperature is

i nportant.
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Frankly, though, the general corrosion rates of
these materials are so low that they're al nost bel ow the
detection limt. So | would say even though there is a
t heoretical tenperature dependence there, it's probably not
going to push us into an area that we would be overly
concer ned about.

SAGJES: Thank you very nuch, Joe. W' re exactly on
schedul e.

FARMER  Thank you.

SAGJES: So we're going to go straight to the next
present ati on.

The next presentation is an overview of future
Yucca Mountain project total systens perfornmance assessnent
nodel i ng plans, and this presentation is by Mark Tynan from
the Yucca Mountain Project Ofice of Project Execution, U S
Departnment of Energy. M. Tynan?

TYNAN: Good norning. The title of the presentation is
an overvi ew of the performance assessnment nodel i ng pl ans.
But before I launch into that, just a brief I'd like to
acknow edge Hol |y Dockery for helping put this tal k together,
and Bob Andrews and the PAteam 1'd like to conplinent them
for the denonstration of excellence during the past year and
perseverance and | eadership in the devel opnent of workshops
that are trying to assure integration in the program

There's a quote from Huxl ey that says "The great
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tragedy of science is the slaying of a beautiful hypothesis
by an ugly fact.” And the PA people have attenpted very hard
this year to elimnate those ugly facts by assuring
integration with design throughout the year and in the work
that they're doing, and I'lIl lay out how they will be brought
into the program and |eading parts of the efforts to assure
integration, and to make sure we don't run into ugly facts.
The overview for the presentation is a | ook at the
maj or drivers for TSPA LA and SR, key findings of the Peer
Revi ew Panel Report, and sonme of the NRC comments. NWRB,
since you're here, you know what your comments are, but you

asked for us to | ook at those.

Phi | osophy and scope of the TSPA SR/ LA iterations,
and the PMRs and the AMRs, and we'll introduce what those
are, if it hasn't been done already for you, with process

nodel reports and the anal ysis nodel reports; the
i nplications of the design changes to the TSPA program and
the schedules, finally, for production of our products.
Programmati c and regul atory drivers for TSPA SR/ LA
will be that the work to be performed in conpliance with the
governi ng procedures and requirenents, responsive to review
comments on the VA, and inplenentation of the proposed EPA
standards, NRC regul atory requirenents, and the DCE
guidelines. W will |ook at the NRC issue resolution status

reports acceptance criteria that will be rewitten into the
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NRC Yucca Mountain Review Plan. So the NRCis evolving their
strategies for us to denonstrate conpliance in the fina
products.

Maj or technical drivers for TSPA LA is the
interpretation of the TSPA VA results, and addressing the
comments fromthe various groups, changes in the repository
and wast e package designs that we've | ooked at in the past
day, and al so the changes that will be made to the process
nodel s, updating those that were used in the VA. And then
we'll attenpt to focus on key information to conplete the
postcl osure safety case.

Key findings of the PA Peer Review Panel on TSPA VA
woul d be the first major area you asked us to address, and
the panel said that they had different objectives for VA and
SR, but they're exactly the sane, but different.

The intent of Congress for the VA was that show
that the site performance woul d nmeet existing standards. And
the objectives for SR and LA is that we can show with
reasonabl e assurance that the repository conplies with
regul atory requirenents.

The use of sinplified boundi ng anal yses may be
necessary to achieve the desired | evel of confidence was one
of the main points of the panel, and will denonstrate that
we're making a shift in sone areas to use boundi ng anal yses

because they are necessary.
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"For cases in which it is feasible to inprove
ei ther the conponent nodels or their underlying data, the
Panel recommends that efforts be nmade to inplenent such
i nprovenents wherever such changes woul d affect the overal
assessnent.” And we're doing a conprehensive | ook at that
internally at the process nodels and their updates, the
i nputs that we have to make changes to those process nodel s,
and to exam ne very carefully what does have a significant
i npact on the overall performance, and then we can focus our
work in those areas.

"Where conservative boundi ng anal yses do not result
in unduly pessimstic estimates of the total system
performance, the Panel recognizes that it nmay not be cost-
effective to spend additional tine and effort refining those
assessnments and nmaking themnore realistic.” So |I'm pl eased
to see that they recognize there are dimnishing returns on
some of the investnments we' ve been asked to make in the past.

"For those issues for which, by virtue of their
conplexity, it is not feasible to produce nore realistic
nodel s supported by data, the Panel reconmmends that a
conbi nati on of boundi ng anal yses and desi gn changes be
applied.” And | think the programis denonstrating
responsi veness to those comments, with the design changes
that you'll see and the approach that we'll take in PA for

t he assessnent.
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Comments on the TSPA VA fromthe NRC staff were in
sonme regards very simlar to those that canme fromthe Peer
Revi ew Panel. There's a general agreenent, we say here,
bet ween the DOE and the NRC approaches, with five major areas
where significant differences do exist.

NRC states that it's unclear whether sufficient
data on waste package corrosion, under conditions applicable
to the potential repository, can be acquired to denonstrate
conpliance with the NRC requirements. And | think we've seen
in the last half hour that we've made significant advances in
t hose areas, and we're naking progress and shoul d make
significant progress to neet our objectives.

Data and nodels of the quantity and chem stry of
dri pping water are inadequate to describe the process of
dri ppi ng under anmbient and thermally altered conditions, and
we' || focus sone of our additional testing over the next
couple of years to take a | ook at sone of those features, and
al so during the past year

The saturated zone has not been sufficiently
characterized to the proposed 20 kil onmeter receptor |ocation
to adequately address its contribution to the perfornmance.

And the Nye County programthat's being devel oped during the

past year, highly successful programthat you'll hear about,
and we'll integrate that into our nodels for SR/ LA and Nye
County will continue to do work with us in cooperation with
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us to try to add and augnment our saturated zone nodel and
update that as we nove along through the various iterations
| eadi ng towards the potential |icense application.

Vol cani ¢ di sruption anal yses and supporting
docunents not necessarily representative. And that's been a
common conplaint fromthe NRC staff for a nunmber of years,
but during the past year, we've had nunerous interactions,
and | think we're noving closer together on resolving those
I Ssues.

And then a key concern to the NRC, and | know to
some of you, is the inplenmentation of the QA program has
rai sed the issue of whether data products will be acceptable
and appropriately qualified. W've had a major programmatic
effort this year |eading towards assuring that the necessary
procedures are in place, that we fund the systens that are
necessary to inplenent those procedures, and assure that the
people follow the procedures. And we're having training
progranms all the time now. It's not |ike we didn't have a
gqual ity assurance programin the past, but we're going to
have a standardi zed approach across the programthat wll
i ncl ude NEPOL, the science side, the design side and PA and
conpliance wll be mandatory, so to speak.

Phi | osophy of future TSPA iterations, it's sonmewhat
changed as we nove toward the viability assessnent. During

the initial phase of TSPA devel opnent, they were in | arge
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part scoping exercises. So the '"91 to '95 iterations of TSPA
were non-Q and not very well controlled. Traceability
wasn't what you' d expect to be for a |icensing case.

TSPA VA made consi derabl e evol uti onary process for
its conpliance in that area, and all future TSPA docunents
wi || have needed controls placed on all data, nodels and
software anal yses and docunentation. This is to enhance
reader review of the docunentation by inproving traceability.

Any changes will be controlled under the change control
process, which includes conducting inpact anal yses. And that
will be very key to us in conduct inpact analyses to see if
new i nformati on has significant inpact on the nodels.

TSPA for SR Rev. 00 fornms the fundanenta
controll ed basis to which the increnmental changes will be
made. So within a year fromnow, we'll have the
docunentation in large part for the basis for our postclosure
saf ety phase.

Now, this one | apol ogi ze, because |I'mnot a
draftsperson, but they tried to help nme, and I don't know if
they did. The science and engineering activities that
provi de the data and inputs for the anal ysis nodel reports,
which are the AVRs, and there's alnost--1 think there's 150
to 200 anal ysis nodel reports that will be feeding into the
PMRs, which are the process nodel reports.

The process nodel reports, along with the TSPA,
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will formthe postclosure safety conpliance argunents,
providing the technical basis for that argunment. So the
docunentation for all the TSPA work that will be used
referencing back to the PMRs and to the AMRs. The AMRs, sone
of the data can feed the TSPA directly, or in large part, it
wi |l be synthesized within the process nodel reports.

The process nodel reports are the equival ent of our
synthesis reports in the past, and the process nodel reports
are conparable in part to the technical basis docunents that
were produced to go along with the VA last year. Each
process nodel report will contain a section that's an
abstraction of the conplex process nodel by PA, to be
utilized in the TSPA nodel

In the PVRs, also the sub-nodels and nodel
docunentation will be available, along with the abstracti on.

The data uncertainties will be discussed. It wll state the
assunptions that were made to do the nodeling. Mdel results
are output, the code verification, it will contain opposing
views, and a di scussion and support information for the

regul atory evaluation relative to the key technical issues of

t he NRC.

The |inkage of the major programmatic SR/ LA
m | estones are shown in the next illustration, which is
difficult for ne to see here, but the left-hand colum is a

listing of the PVRs that will be devel oped, the process nodel
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reports. The integrate site nodel, that is going to contain
what we were shown in the back of the roomyesterday. The
geol ogi c framework nodel, the rock properties nodel, the
basic porosity information, the rock properties data, and
then the m neral ogi c and petrol ogi c nodel devel oped by LANL.

The second PMR is the UZ flow and transport, the
bi osphere nodel, the waste package degradation nodel, the
wast e form degradati on nodel, engineered barrier systens, and
near-field nodels, the saturated zone flow and transport, and
then for a good neasure, we threwin the tectonics report,
which is really a consequence analysis that still needs to be
done as a conpl enental docunent to the prior tectonic reports
that are already avail abl e.

So those PVMRs through tinme should be updated and
i npact anal yses done to see what nmjor changes may have to be
made to the nodels, feeding Rev. 1 of the PMRs and Rev. 2 of
PMRs through tinme, and the sane case for the TSPA
docunentation for the SR, SR Rev. 1, and then finally, if we
nove on to a license application.

The TSPA SR overall scope will be to devel op the
process nodel s, abstraction nodels and TSPA nodel s,
i ncorporate those features nost significant to perfornmance,
and include the uncertainty in the conceptual nodels and the
paranmeters, identify and screen rel evant features, events and

processes, the FEPs database, and |'ve given an overview in
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the supplenentary materials at the back of your presentation
on what that will consist of and what its schedule will be.

Features and events and processes database is an
i mportant one as a guide for the NRC. They've requested that
that be developed, and it's also a bright thing to do so that
we can use it as a source of information and as a place to
poi nt back to the PMRs and the AVRs for the technical basis
for each one of the features, events or processes that we
know we have to include or exclude in the total system
per f ormance assessnent eval uati on.

In addition, the scope woul d be conduct anal yses
using the process and abstraction and total system nodels
nost inmportant in accordance with applicable QA controls for
data, nodels and the software. And the PVAR process was the
process validation and reengi neering process you've heard
about from past presentations, and then formal presentations.

We will be inplenenting over 20 new procedures this sunmer.

Docunent anal yses and technical basis in TSPA SR
Rev 00 and the process nodel reports, and provide the basis
for suitability evaluation for the site recommendati on

For future TSPA iterations, again, screen the FEPs
using the regulatory criteria, use controlled nodels and
anal yses, evaluate the total system performance incorporating
the uncertainty and using probabilistic case runs. There's

sonme devel opnental or evolutionary steps that will be
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followed in this process. Conduct a stylized human intrusion
scenario analysis in anticipation of what the requirenents
will be fromthe NRC, and performlimted subsystens

per f or mance eval uati ons.

Again, for future, the SR Rev. 1, which would cone
after the consideration hearings, they would respond to the
comments on Rev. 00 of the TSPA docunent. We'd revised those
anal yses with applicable changes in nodels or data, as we see
appropri ate docunent why or why not, conduct a subsystem
per formance eval uati ons and conduct specific nmultiple barrier
anal yses. We'd docunent those results and the interpretation
in accordance with regulatory acceptance criteria.

For LA, again, it would be very simlar. W'd
revise and incorporate their comments, nmake a better
docunent, integrate the new information fromsite
characterization, do inpact analysis to see if it would have
a significant inpact on the total systens performance
assessnment to see what nodels had to be updated, and review
the Rev. 1 if we were to nove on for LA

As you' ve gone through the LADS exercise yesterday,
and sone of the corrosion testing results this norning,
you' ve seen that we've anticipated the changes in the design
for several nonths, sinply because it would be a better
desi gn.

The changes that were anticipated in the
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engi neering system and conponents and the representati on of
coupl ed processes, we've now got different waste package and
design and nmaterials and we've altered the in-drift

chem stry, as a consequence, conpared to the VA based case.

System changes as a result of the changed design
features that we have considered or have incorporated are the
backfill, the invert, drip shield, et cetera. There's a
smal l er zone in the host rock that will undergo changes due
to thermal effects for this |ower tenperature design. It
isn't necessarily a | ow tenperature design, but decidedly
lower. Wth 81 neter drift spacing, it will make our
nodel i ng nmuch easier, we hope.

In general, the effects on the natural systens
nodel s are expected to be mninmal conpared to the VA base
case nodels, and there's quite a bit of work in progress
right now, as you've seen fromthe PMR schedul e presentation.

Now, anot her point that you wanted covered was how
was TSPA used in the LADS exercise, and | think that Jim
Bl i nk and sone of the other speakers yesterday did show you
ways that it was incorporated in the LADS process for
estimati on of performance relative to the various design
options and alternatives that were being considered.

TSPA was used in the LADS exercise to devel op and
refine insight about the potential for each proposed feature

or alternative. The anal yses were expected to estimate the
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change in timng and magni tude of dose rate for each design
opti on.

The |l evel of detail for the PA analyses for the
LADS were consistent with the I evel of detail provided in the
desi gn concepts thenselves. They were scoping in nature.
They were intended to support conceptual nodel devel opnent
for the various designs.

The PA anal yses for LADS were not expected to
provide the detail required for the safety case, and that
will come. We will doit. And as we get nore information
fromthe various fields on corrosion and other process nodel s
to integrate, we will make the necessary changes to the TSPA

Addi tional data collection and anal yses will be
necessary to devel op a defensible representation of selected
options for use in the TSPAs.

And an inportant point fromthe EDA is that al
five exhibits markedly better |ong-term performance than the
VA base case fromthe anal yses that were conduct ed.

Schedules | won't cover in any great detail. W've
al ready gone over sone of those. What 1'd like you to see is
that it's relatively tight. W've got PMRs comng inin a
flood within the next year, TSPA production by next year in
July, so | guess this is alnost the nonth of July, twelve
nmont hs, a heck of a |ot of work.

A good part of the analysis input to the TSPA for
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next year will be concluded this year, because you' ve got to
cut off soneplace, but we wll continue to bring in data and
do i npact anal yses to see what we nmay or may not have to
change for that Rev 00 throughout the year.

And, again, the next couple of pages are the
schedul es. Rev 00, analysis and nodel reports during that
period of time, and then the prelimnary suitability
eval uati on in Novenber of 2000. Analysis and nodels for Rev.
1in 7 of 2000, final suitability evaluation in 3 of 2001.

In summary, |I'Il go to Page 24, TSPA SR wil|
require that all data, nodels, analyses and software are
under baseline control, that we assure traceability and
transparency for our arguments in the devel opnment of such.

TSPA SR wi || have adequate, necessary and
sufficient information to provide the technical basis for
conpliance evaluation. And | believe we've nmade, again, a
| ot of progress during the past year towards this, and ny
confidence level is grow ng decidedly.

In a tinmely manner, TSPA will integrate updated
mat eri al and i ncorporate nodel and anal ysis nodifications
required to reflect the selected new design. And, again,
that's in progress, as you' ve already seen from sone of the
work as we've directed it and prioritized it in the near
term

As recomrended by the PA Peer Review Panel, the
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TSPA SR will include conservative boundi ng anal yses as
appropriate. The conbi nati ons of boundi ng anal yses and
desi gn changes for conplex issues where it's not feasible to
produce a nore realistic nodel will be an approach that we
use. Limted inprovenent in conponent nodels where such
changes significant affect the overall TSPA will also be

i ncor por at ed.

And | guess one way of putting it is we try to
avoi d unduly pessim stic bounds and assunptions, as the panel
reported, by enhancenents to our process nodel and
enhancenments to the TSPA nodel s t hensel ves.

| npl enenting plans to prioritize work continues
with the analysis of principal factors, and work required to
serve as an adequate basis for SR

This is an inportant time for policy making
decisions and for us in the technical areas to nmake technical
decisions and prioritizations of our work, and | hope that
this has been beneficial for you. You' ve learned a little
bit about where we've been and where we're going, and it's

addr essed your questi ons.

| f you have any questions, |'d be happy to take
t hem
SAGUES: Thank you very nuch. Do we have sone questions
fromthe Board? Dr. Wng?

WONG  Jeff Wong of the Board. | have a multi-headed
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guestion. Probably Lake will answer sone, and you can answer
t he ot her.

On your Slide Nunmber 10, you tal k about some of the
QA i ssues.

TYNAN:  Yes, sir.

WONG And I'd |ike for you to sort of expand upon what
have been sonme of your successes or sone of your problens in
addressing the QA problens and what inpact that will have
upon this very tight schedule. And | guess for Lake, 1'd
like to know what inpact he believes the $50 million deficit,
| guess, in your proposed budget for '99-'00 will have inpact
on this tight tinme frame, and al so what inpact do you suspect

that rebidding of the M&O contract will have on this tine

frame?
TYNAN. Cee, thanks, Lake. | have a triple-headed
answer .
The program and all conponent parts are trying to
figure out exactly what our quality assurance programissues

are, and identify those clearly. During the past year, a
series of TIGER teans has been set up in each one of the
areas, each one of the technical areas of the program design
and in the science prograns, and in PA where necessary. A
series of audits has been conducted. A series of inform
vertical slices have been conducted by the M&O to see where

i ssues are still open.
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It was in part a question of follow ng the
procedures, and they ranged in degree of difficulty from
things that were fairly serious, where traceability of our
docunent ati on was weak or absent, or whatever, but those were
hopefully relatively mnor, to itenms that were conparable to
the Pl bought the material on his credit card. So we have a
range of sinple things that deal w th non-procurenent issues,
to fairly significant programmatic issues.

We wi |l approach the qualification problem
systematically, and have been | hope. In order to assure,
there was a plethora of procedures--1 won't say that tw ce--
but several hundred. | nmean it was awful. Each organization
had its own set of procedures. There were governing
procedures in the Departnment. The inplenentation becane very
cunber sone for everybody, and the anal ysis nodel reports is a
group of reports that will be developed in response to a
programeffort to consolidate procedures in those areas where
anal yses and nodel s are done, and they have one procedure
govern for all areas of the program the conduct of that
work, to make the auditing easier, to standardi ze the
approach to docunentation, and to assure traceability.

|"ve been extrenely pleased with PA because they' ve
been in the forefront of this in the workshops trying to
assure that that is put into the planning phase up front. So

since | ast Novenber when the anal ysis procedure was
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i npl enented, they've been planning the plan in accordance

wi th anticipated procedure, and inplenenting the work, either
in accordance with the newy inplenmented procedures, or with
antici pated com ng procedures.

The inpact of the budget, | think I'Il |eave to
Lake, but sonme of the inplenentation of the program coul d be
i npacted by a severe cut, if we experience one. The TIGER
teans are comng close to the conclusion of their work.
There's sone additional work that they'll have to do for the
PMRs t hensel ves, what data was actually used in those
anal yses, what have we really got to qualify for the
| i censi ng case.

A lot of itens have been collected that can be used
to support, or we can use different ways to integrate that in
as support material, but it may not necessarily have to be
formal ly qualified.

So everybody has | think for the past three nonths
been in an uproar trying to figure out what it is that they

absol utely have to have, and what direction they're going to

take, and we'll have those plans in place, and we will have
i npl enented a good part of the initiation of the
qgualification process in several of the PVMRs during the next

four nonths.
WONG  So when do you expect to have closure on all

t hose i ssues?
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TYNAN:. | would put it to you fromny perspective for
the SR Rev 00 for TSPA, there are a couple of process nodels
that could have a majority of the material qualified for that
time. By the time we get to the final SR revisions, it would
be DOE's hope that the vast majority of our datasets are
qualified, and by the tinme we go to licensing, there's no
question that that will be done. And it's a very high
priority, even conpared to the initiation of new work in some
ar eas.

It's nore inportant to fix what we've got, so that
we can validate the nodel s and datasets and anal yses that we
have before we nove forward and ness ourselves up nore.

W're in fairly decent shape at this tinme. Now, Lake,
"' mgoing to make one nore clarifying point.

BARRETT: You're doing fine.

TYNAN. The dat abase, as has been heard by al nost
everybody, al nost everything in our technical basis docunments
produced for the TSPA were | abeled TBV, and they've gone
through that--that's to be verified--they' ve gone through
that. It was a policy glitch. W just said we're not
certain about sonme of it, so let's make it all this way. And
as we go through the validation exercise with the PVAR
val idation process, we'll begin to switch the sw tches back
to Q.. W want to make sure we had all our |I's dotted and

T s crossed before we do that, and that's a wise thing, a
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prudent thing before we enter the licensing arena. | really
want to see that done, and | think everybody in DCE does, and
| think you do. Go ahead.

BARRETT: | think Mark gave a good exanple of where we
are. W have several nunber one priorities that we're
wor ki ng sinul taneously. W know that we nust have world
cl ass science done extensively as we can. W also know for
i cense application, we nust have docunented processes and
docunentation that we followed that, and it all nust be
verified. And we have to sort out, you know, m nor problens
on procurenment versus major data uncertainties, so that has
to all be cleared up for the LA

As we are struggling under a constrai ned budget, we
have to bal ance between energi es on process, on docunentation
of the processes, on starting new scientific work, and
confirmng old scientific work and bal ance all of these

together, and that's what Mark and Steve and thee whol e team

are doi ng.

We don't know yet with a $50 million cut, how this
is all going to cone out. W don't know what slips, what
doesn't slip. W know sone things are going to slip. W

have to |l ook to see what's necessary and sufficient for that
stage. For exanple, in the draft SR, you could have nore
TBVs, not TBDs, "to be determ neds", but "to be verifieds,"

and we know we nmust clear the to be verifieds before a
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license application. And that's why | expect the license
application would probably slip before the other, but | think
we'd like to get a national decision, do we or don't we have
a suitable site, as soon as we can, but not before we have
adequate science to sustain that as it relates to the matter
of degree of uncertainty, which the Board is very nuch
attuned to.

So, | nean, that's kind of the forces that are
going on, and there is no answer today what it is, and we're
goi ng through that this afternoon in sone detail, and
conti nui ng on.

SAGJES: Dr. Cohon?

COHON: I'mespecially interested in what results w |
be generated with TSPA, and how those results will be used to
support the SR  On Page 5 of your presentation, you're
tal ki ng about the Peer Review Panel. They nention, and |
guess you agree, that the focus for TSPA SR is expected
performance and reasonabl e assurance. W all know, and you
know better than any of us, that there is a great range in
performance here. The error bands will be large, uncertainty
will be inportant. How do you plan on quantifying
uncertainty and how do you plan on presenting that to policy
makers and DOE and to peopl e outside of DOE?

TYNAN: | think what 1'mgoing to do on that one is |et

Bob Andrews address it. But before he does, |1'd say that |
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t hi nk he coul d probably handle that best. In the VA base
case presentation docunentation, and in the support material,
in nost cases we di scussed the associated uncertainties, and
how uncertain are we about the uncertainties, I'll not go
beyond with that, but | would think that the SR docunent
woul d be conparable in treatnent to what we saw in the VA
And the nore robust sensitivities and other things wll be
added in.

BARRETT: Lake Barrett, DCE. Let nme add a little on
that. 1In the devel opnent of the EPA standard, and the NRS
Part 63, there is this issue about the historical EPA of
reasonabl e expectation, the NRC historical reasonable
assurance, and how do those translate into our TSPA base and
our projecting into the future.

The standards wi Il have nunerical criteria, say at
10, 000 years. The EPA may have ot her nunbers, you know. And
now how does that fit in, and how do you turn the
probabilistic anal yses in TSPA whi ch have uncertainties, how
do those turn into a go/no go criteria? In the SR we would
conpare the performance of Yucca Mountain as our TSPA tells
us what the performance is, against the EPA and NRC criteria
plus, and how is that interpreted.

There was sone di scussi on Monday. The Nati onal
Acadeny of Science's Board had a neeting Monday and this was

di scussed with EPA and NRC, and | was there for DOE, and this
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was di scussed. And there were discussions about is it the
mean, and how do you handl e the uncertainties. Bob Budnitz
was there on the phone, and Chris Whipple, who were both on
t he Peer Review Panel, John Ahern, and there was a lively

di scussi on, Roger Casperson (phonetic), about what does this
mean.

So they were westling with exactly that, and ny
non-statistical view of that, and |'mterrible at statistics,
was that the reasonabl e expectati on and reasonabl e assurance
were starting to sound |ike the nmean val ues that woul d be
used, but there was no conclusion. And there was a comment
kind of made to the NRC and also to the EPA, that whatever
the regs are ought to be fairly explicit for DCE, that
everyone woul d know ki nd of what was neant by reasonabl e
assurance and reasonabl e expectation in TSPA space, so that
there isn't any societal m sunderstandi ngs when we go into

site recommendati on decisions and |icensing decisions in the

future. | don't know if that clouds it up or helps, but--
COHON: No, it doesn't cloud it up. | think it helps in
what is a cloudy issue.

This m ght be, Lake, exactly what--or one inportant
di stinction between SR and LA. One could di scuss and
guestion the wi sdom of having a standard for LA which is only
expected value. Let's put that aside. But SRis not LA As

you' ve observed in your presentations before, SR is
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inherently a political process that wll include anybody who
has anything to say about this site.

In that kind of process, being very clear about the
range of values, the uncertainty, quantifying it, not just
characterizing or discussing it, as was the case in VA but
gquantifying it and figuring out how to convey that to non-
techni cal people, policy makers and public, | think will be
very inmportant. And | don't think it will be enough to focus
just on nean performance. | think that will mask a set of
i ssues that are fundanental to suitability, to SR, which may
or may not carry forward to LA

| have another question, if | may, Alberto. On
Page 20, | think, the last bullet there tal ks about
addi tional data collection and/ or anal yses necessary to
devel op defensible representation of selected options. Two
guestions about--or tw requests on this. One, if you could
expand a bit on data collection, what are we tal king about?
What ki nds of data collection, about what? And di scuss what
we nmean by defensible; how do you neasure defensibility or
how woul d we know that we have a defensible representation?

So what kind of data collection and how do you

define defensibility?

TYNAN:  Well, we're in the process right now of trying
to make a decision on what design we'll use, and it's been
strongly suggested EDA Il would be the way to go. Several
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aspects of the EDA Il design probably require us to | ook at
themin considerable detail. So not only for the design-

rel ated aspects, but also the natural systens, what do we
require for the process nodels, such that it is defensible,
and 1'Il define it for you. If it's not a good story and we
haven't got data to back it up and we haven't used reasonabl e
bounds and we can't denonstrate why those are reasonable
bounds, then that's not a very defensible argunent. | take
it fromthe opposite direction rather than a definition.

For the year 2000 and beyond, that testing is stil
being finalized and negotiated with the M&O, so at this
point, | can tell you some of the ongoing tests related to
the Richard's Barrier would be utilized, | would hope, for
anal ysis of backfill, inclusion of backfill, exclusion of
backfill, the role that the backfill could play in insulation
of the waste package, and its long-term performance effects,
and ongoing tests with approxi mtely 18, 000 coupons--that's
my favorite nunber for the program-is that a | ot of
nmetal | urgi cal type tests ongoing in the program that M.
Farmer has tal ked about, and the additional data that would
be collected fromthe Nye County wells to augnment out SZ
progr am

We expect also in the future to do an alluvial
conplex testing programto add to the saturated zone

under standi ng, and to help defend our nodel, or make a better
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nodel .

For TSPA itself, it's inpacted by everything el se
in the program So where a piece of data that's an ugly fact
or a beautiful fact comes up, we can bring that into the TSPA
process and change those nodels. And defensibility, again,
won't go back to define it, but in the TSPA realm the
technical basis for the TSPA anal ysis had better be
defensible in the technical sense and in the quality
assurance sense.

SAGJES: Ckay, thank you. We're running short of tinme.

We have a few nore questions. Dan Bullen, Leon Reiter and
D ck Pari zek.

BULLEN: Bullen, Board. Mark, you'll probably regret
putting asterisks on viewgraphs, but | was going to ask you
about this one. You noted that all EDAs exhibited better
performance than the VA base case, but all EDAs had titanium
drip shields. If you put a titaniumdrip shield on the VA
how does it conpare?

TYNAN. That would be wonderful, too.

BULLEN: | know, but you're going to defer. So the
conparison isn't a fair one, and actually the conparison that
you make in your backup slides isn't a fair one. If you
wanted to take a | ook at that kind of performance, you should
do an apples to apples conparison, as opposed to an apples to

or ange conpari son
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TYNAN:. | agree. | agree.

BULLEN: That was nmy comment on this one.

TYNAN: But | think if we threw out the drip shield,
they would still be better.

BULLEN:  You m ght be hard pressed.

TYNAN. Sone of them EDA Il especially.

BULLEN. Well, that's true. The next viewgraph is
actually the one | have a quick question on, and you can
provide a little bit nore explanation. The integrated site

nodel PVMR, can you tell us--1 nmean, we heard a little bit
about that it's an all enconpassing PVR and all the other
PMRs kind of feed into it. Could you tell us alittle bit
nore about what the ISMPMR is and how it works?

TYNAN: Let's make sure | didn't make that m stake. The
ISMis an inportant nodel because everybody below it has to
use it, and the integrated site nodel is a trash basket nane
because people like the word "integrated."

BULLEN: | guess the question | had was it includes both
the natural system and engi neered | ayout design, et cetera?

TYNAN:. No, it will not. No, what this doesn't showis
the feeds to the design side of the house, the direct feed.
And the design group nmaintains that the | SM covers an area
fromroughly the Prow down to Busted Butte. The design,
detail ed design stratigraphic nodel that's used and

transported all around the design organi zation for inposing



346

the repository on the rock is a nmuch smal |l er geographic area.
But in order to assure consistency, as the geologic nodel is
produced for utilization in the UZ, and then incorporation in
the SZ flow and transport, and other site area rel ated
features, the design group has translated that into the
vol canic program and then builds their detailed nodel, which
we're trying to assure consistency fromnodel to nodel to
nodel .

And then also, the ISMin terns of the rock
properties, that those rock properties that are produced
there, are consistently used either in sone sort of an
abstraction formthroughout nodel to nodel to nodel, and that
when you go and check fromour ISMto the other flow and
transport areas, are designed that you can go back to I SM and
make sure that there is agreenent, technical agreenent,

technical inputs are simlar, the docunentation is there, et

cet era.

BULLEN: Ckay, thank you.

SAGUES: Very good. Leon Reiter?

REI TER: Yes, this is a question directed towards Abe,
and Mark raised the issue of the criticismreview of the TSPA

LA and also of the use in the LADS. If | renenber correctly,
both the Peer Review Panel and to sone extent the Board found
bot h conservative and non-conservative--or potentially non-

conservative elenments in TSPA VA LA, and felt uneasy in
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classifying the TSPA VA as being conservative or non-
conservative. And | think, Abe, at the January neeting, we
asked you specifically what are the things that TSPA VA is
good for and not good for, and one of the things |I think you
said was it's not good for judging conpliance.

Now, yesterday, we heard all kinds of comments
about how the TSPA VA shows this wonderful, superb designs.
What has happened since that tine to allow us to nmake these
ki nds of judgnments, or maybe the judgnents should be nore
consi der ed?

VAN LU K:  For a person of ny age who doesn't renenber
what he says fromone neeting to another, this is very

difficult. This is Abe Van Lui k, DCE

VWhat | neant when | said that this was not to be
used to judge conpliance is, first of all, we don't have a
conpliance line to judge ourselves by, an official one. And,

secondly, we knew that the QA and the technical defensibility
were not quite there to nake a licensing type case. That's
where | was coming from

The VA shows a very | ow dose nean val ue for 10, 000
years. That was encouragi ng. The TSPA VA basis was used to
judge the relative nmerits of gross portions of the different
design options that were being considered in LADS. And I
think to the extent that it was just a pointer or an

indicator of relative nerits, that it was fine to use it that
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way. To go any further in detail in judging the details of
desi gns woul d have been i nproper, because as the Board has
poi nted out, and as we're very well aware oursel ves, sone of
t he coupl ed nodel s that woul d have to be invoked to | ook at
t he nuances of differences between these designs were just
not in the TSPA nodel

So | think the VAtells a very nice story, a
defensible story. You know, conservatismis in the eye of
t he behol der also. W believe that we were either realistic
or conservative, whereas the judgnent of others reading the
docunent was that in sone places, we were non-conservative.
And | think that we readily admt that in sone areas, in
retrospect, it turns out that it may not have been as
conservative as we thought it was. But this is part of the
growt h process, and this is part of the | earning process for
doing the SRin a nore defensible and nore transparent way.

And we've al so gotten the nessage fromthe State of
Nevada, Steve Frishman, that just because you're transparent,
doesn't nean you're defensible. You have to have a basis.
And so the basis is very inportant also. So we do listen and
learn, but | think at the sane tinme, even though historically
we're stepping away fromthe VA, in ny opinion, TSPA VA is a
very nice piece of work that for the first tine integrates
every aspect of this programand, you know, is a giant step

forward to SR and LA.
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SAGJES: |I'mgoing to have to limt at that. W're
going to have just one very brief question before the break.

PARI ZEK: Pari zek, Board, and it has to do with Figure
21. It's the time schedul e between the PVRs and then the
bl ue and green boxes. |If you take Nye County Drilling, which
really the first round of drilling has just been conpl et ed,
the testing is not all done on those wells yet, assum ng
funding is there for the second and third round, it's a three
year program To get to the saturated zone, the six nonth
00, then to go on into the, you know, the tinme schedule, it
seens to nme you're not going to have all of that saturated
zone material in there. The inter-agency regional
groundwater flow nodel is a five year effort; | guess it's
the second year of five years. Again, that m ght not be up
to speed.

So how does the saturated zone box in there fit in
there if it's still inconplete? There nust be other exanples
like this. Maybe it's not necessary to answer that now.

W' ||l learn nore about the time schedule this afternoon,
guess, on the Nye County work. But it's troublesone to ne
about the tine schedule here, of getting the work done to
have a credible saturated zone nodel, to get the benefit of
what you're going to get out of the saturated zone for TSPA,
and then site reconmendati on.

SAGUES: | guess that was nore of a conment than a
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guestion, Richard.

TYNAN: |'mvery grateful. Thank you

SAGJES: Thank you very much. W will adjourn and
return now at 10: 00 a.m punctually. Thank you.

(Wher eupon, a break was taken.)

KNOPMAN:  1'1l turn the gavel over to ny coll eague, Don
Runnells, who will be co-chairing this next and | ast session
with Dick Parizek on Geochem stry and Hydrol ogy.

RUNNELLS: Thank you, Debra. [|'m Don Runnells. Dick
Parizek and I will share the chairing of this session, and
"1l take the first section, and then after lunch, Dick wll
pi ck up the second hal f.

We're going to shift gears here a bit, and start to
| ook again at the natural system The |last day, day and a
gquarter, have been devoted pretty nuch to the repository
design and the waste package, but there's still a great dea
of interest in the natural system in particular, the
novenent of noisture, the age dating issues, the conposition
of water, and in that context, how the conposition of
groundwater relates to the regi onal hydrol ogy.

We' || al so hear about the Nye County drilling
program its status and relationship both to geochem stry and
to regional hydrology. So we have quite a lot to cover, and
|"d like to go ahead and get started.

Qur first speak, Mark Peters from Los Al anos, wll
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give us an overview of the scientific programitself, and as

you can see fromthe bullet lists there on the agenda, a

nunber of items will be covered that are of considerable

interest to the Board and to other people in the comunity.
So if Mark is here, we can go ahead and get

start ed.

PETERS. |It's nice to be here again. Today, |'m going
to go through a whirlwind tour of the status of a |ot of our
testing activities. There's going to be the conspicuous
absence of thermal testing, which you heard about yesterday
from Debby Barr, and Chlorine 36 and Busted Butte, because
Paul Dixon will talk about that later. | have a |ot of
material to cover. 1'mgoing to hit things that are pretty
high Ievel. There's quite a bit of time for questions, so
"1l probably--1"msure you all will have nore detail ed
guestions as | go through the whirlw nd tour.

l"'mgoing to try to hit a lot of the itens that

wer e di scussed prior to the neeting that the Board was

interested in hearing about, and | al so added sone t hings
that | thought the Board m ght be interested in. [I'll talk
some about noisture nonitoring and the ongoing work in the

ESF and the cross drift, Alcove 1 and 7 in the cross drift
program the ESF niche studies which are done in the Topopah
Spring, the mddle non-Ilithophysal unit, an overview of the

status on the Chlorine 36 validation study. | know there's



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

352

some interest in the status of that. Another short status on
t he cooperative work on fluid inclusions that's being done
with DOE and the State and UNLV, then get into sonme of the
status on the cross drift, the mapping and the al cove studies
and where we're at there.

"1l talk about the steep hydraulic gradient and
some of the results fromW-24, give a brief status of SD 6

We've actually done sone things at SD-6 since we talked in
January. Gve a brief overview of what we're doing with Nye
County, wi thout stealing Nye County's thunder in the next
presentation, we'll give a very detailed presentation of what
Nye County has found to date, as well as their plans for next
year. So I'mnot going to go into those details.

And then follow ng on fromJanuary, | gave you a
couple slides on the EBS pilot-scale testing programthat's
going on over at Atlas, and so | went ahead and added the
status on that, and that will tie back to a lot of the
di scussi ons on LADS that have been going on the |ast day or
so.

At the end of the talk, I will bring in how we're
in the process of prioritizing our testing program talk
briefly about the process nodel reports. | won't go into any
detail; that was really discussed in the previous talk. And
then talk a little bit about our plans right nowin terns of

| ong-termtesting and performance confirmation.
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So first, the testing update. 1'd rem nd everybody
this is just a schematic of the ESF. You have the ESF main
| oop. Here's the potential repository block, and then you
have the cross drift, which has now conpl eted excavati on
across the bl ock, across the block but above the potential
repository. A remnder: all of these alcoves and niches that
you see in the ESF are constructed, and there's either
ongoing testing or testing is conplete.

Right now, in the cross drift, all we have is the
cross drift. W're in the process of starting the
construction phase for a lot of the alcoves and niches. 1'll
talk today mainly about Al cove 1, Alcove 7, as well as
results fromN che 2, and sone prelimnary results from Ni che
3.

First, Alcove 1. This is nore of an update. You
all heard about this in January. Again, the purpose is to
evaluate infiltration and percolation through the UZ above
Al cove 1. Renenber, we've got an infiltration plot, and I
have a diagramlater. W have an infiltration plot al nost 30
neters above the crown of Alcove 1. W're introducing a
known anount of water, and we're | ooking for how nuch water
seeps into the opening and how that water is flow ng through
the fractured rock of the Tiva Canyon. W' re also evaluating
the climatic effects associated with increased precipitation,

and that's by varying the flux and really over driving the
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system

A rem nder on the Phase 1, which was really done
primarily last fiscal year. W introduced over 60,000
gal lons of water at the surface. It was all traced with
[ithiumbromde. So we were able to, we saw first water
entering the opening in Alcove 1 after about eight and a half
weeks after we'd applied over 30,000 gallons of water, and
overal |, approximately 10 per cent of that water that we
applied at the surface actually entered the opening.

Let nme back up. W actually did a series of
predictions, blind predictions, LBL did a series of blind
predictions in conjunction with the USGS PIs on when we
t hought we would see first arrival. And the initial nodels
actually predicted we would see first arrival nuch faster
than we actually did. But the adjustable paranmeter there is
the fracture porosity. So as you change fracture porosity,
you were actually able to get nuch closer to within the range
of when we saw first arrival

Simlar for Phase 2. For Phase 2, we've just
started water application in February. Those nunbers are as
of md May. W' ve continued to infiltrate, so we're well
above 30,000 gallons of water applied. And you can see that
we're definitely applying a trenendous anmount of water, seven
years of average annual precipitation. This tinme, we saw

seepage first time in three weeks, so there was what 1|'|
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call a hysteresis effect. The fractures were still wet from
the first phase, so you saw initiation of fracture flow nuch
faster in the second phase. But, again, we're still getting
that magi c 10 per cent of the applied water seens to be
entering the opening.

Again, we were using lithium brom de traced water
We're also varying the infiltration rate now, so we're
| ooking for sensitivities in terns of infiltration rate, but
we're also starting to add nore lithiumbromde to start
| ooki ng at whet her we see sluds of higher concentrations
entering the opening. W haven't seen anything yet. And
we're also going to start introducing nore tracers to further
eval uate the flow and transport phenonena, and there is al so

a suite of predictions for that that LBL has done. Once we

do that, we'll then conpare that to the predictions.
This is just to remnd you this is a plan view of
the north ranp. This is where you walk in. Alcove 1 is that

first alcove. At about alnost 30 neters above, there's an
infiltration plot at the surface, and for those who have been
out there, that's that--it depends on when you're there, but
right now, it's a gray tarp. Underneath that is the
sprinkler systemthat we're introducing that water, and it's
bi gger than the plan view of the alcove, and here's just an

i dea of the scale here. The hill goes up above. This is the

drai nage ditch of the portal
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There's al so sone data plots in your backup, two
data plots in your backup fromAl cove 1. But this shows, for
t he second phase here, again, it started in February, on this
axis plotted in blue is the cumul ati ve anount of water
applied. | apologize for the non SI units. And also in the
red is the cumul ati ve seepage, how much water we've coll ected
within the alcove. And, again, here's that magic
approximately 10 per cent.

Al cove 7. As you know, we've had a bul khead- -

Al cove 7 is where we excavated across the Ghost Dance Fault,
we' ve done that at Alcove 6 and Alcove 7. Alcove 7, we
actual ly constructed two bul kheads to isolate really nore
than the back half of the al cove, and just watched it, had it
instrumented and watched it return to anbient conditions.
This was initiated about the sane tine as the Al cove 1 test,
during the 1998 EI N no year.

What we've seen so far, | don't really have any
data, the rock returned to anbient conditions, and what |
mean by anbient is greater than 99 per cent relative
hum dity, within a nonth. W' ve also got instrunmentation in
there to try to visualize, or wwthin the rock at |east see
drips, and we've seen no evidence of any dripping fromthe
rock into the opening. That test is ongoing. W
periodically go in, check the instrunentation, check the drip

cloths to see if we see any evidence.
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NELSON: How | ong has that been goi ng?

PETERS. How | ong has that been going? About a year and
a half now, if I'"ve got ny tines right, around that. Over a
year. And right now, we are continuing that.

The cross drift; these observations in the cross
drift are based on noisture nonitoring holes in the cross
drift, so we've got hydrologic instrunmentation in the cross
drift, and we're |looking for effects of evaporation and
| ooki ng at water balance. You' ve heard a |ot of this before.

This is just to rem nd you of what you heard in January.

Construction water use. In ternms of the different
response of the different units within the cross drift,
remenber in the cross drift, we're exposing parts of the
Topopah that we've seen in the ESF, but also parts of the
Topopah that we did not. So we're seeing the upper lith, the
m ddle non-lith, the lower lith, the Iower non-lith. And
remenber, the repository is primarily in the lower lith.

The observations are we see construction water was
observed nore than 30 neters within the mddle non-lith, and
|l ess than 2 neters in the upper lith. That's really driven
by the fracture density, the through-going fracture density.

The m ddle non-lith has many nore larger fractures in terns
of fracture |ength.

When you do the water bal ance, about half the

construction water was actually lost to the fracture network,



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

358

but overall, we have a net drying of the cross drift due to
ventil ation--due to excavation and ventil ation.

In terms of additional observations, we're still
seeing the drying front mgrate away fromthe excavati on due
to ventilation. In the ESF, it's nore than 2 nmeters. |
think that was discussed a little bit yesterday. 1In the
cross drift, it's actually approaching 2 neters right now
That will continue to mgrate further into the rock, so we're
having a net renoval of water fromthe cross drift, and we
t al ked some about the inplications that m ght have yesterday.

And this bullet here about the response varying in
terms of drying, I'll get to that in one of the data plots.
You'll see how there's a differential drying, depending upon
which unit you're in in the Topopah.

"1l also get to this bullet where the water
potential nmeasurenents that we're doi ng using heat
di ssipation probes in the cross drift are relatively uniform
across all the sub-units, and are higher, the water

potentials tend to be higher than observed previously. But,

again, that's using a set of instrunents that haven't been
used to do sonme of the other neasurenents. |1'Il talk about
sonme of those inplications for that. But we are in the

process of doing some additional investigations to evaluate
the inmportance of those higher water potentials in the cross

drift, including doing sone work on using two different sets
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of instruments that measure the sane thing to see if we get
the sanme answer. I'Il put it sinply.

Sonme exanpl es of sone data. This is froma nest of
heat di ssipation probe holes. This is in the ECRB at
construction station 23+50. That is in the | ower non-
l'ithophysal unit, alnobst out to the Solitario Canyon Fault.

What you've got is you' ve got four boreholes with a
heat di ssipation probe at the bottomof the holes. So you
have a 30 centinmeter hole, et cetera, on up to a one and a
half neter hole. The data plotted here is a function of
time, water potential in bars, so as you get wetter, you get
closer to zero. You can see the effects of the drying. The
deeper hole, it takes a while to incorporate, once it
incorporates, it's relatively flat, and here's that nearly
between mnus 1 and mnus a half a bar. These are m nus
bars.

So you can see the nost shall ow hole is show ng
this really steady drying. You never even see any anbi ent
conditions in this hole. By the tinme it incorporates, the
drying front has already passed. And simlarly, you're
seeing progressive drying sort of in the close to neter
range. The drying front is past there. And there's a hint
of drying here. Mst of the heat dissipation probe borehol es
in the cross drift are 2 neters depth. They were drilled at

that depth to try to get at the anbient conditions prior to
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the drying front passing.

This gets back to the differential response. Wat
this is is, again, heat dissipation probe data, water
potential and minus bars as a function of tine along the
ECRB. |[|'ve got the nonenclature here for the Topopah sub-
units, upper lith, mddle non-lith, lower lith, and | ower
non-lith. This is as a function of tine.

This gets at what | was tal ki ng about about the
fairly uni formanbi ent water potentials, but you can see that
as we've progressed in tine, we've got preferential drying,
particularly in the mddle non-lith where it's highly
fractured with long fracture | engths. These are all 2 neter
dept h borehol es. You can see sone heterogeneity, but you see
preferential drying. You can see that the upper lith and the
lower lith tend to still be close to what we woul d consi der
anbi ent water potentials based on the heat dissipation probe
agai n.

But, again, we are going about, we've installed
sonme thermal couple psychroneters, which is an alternative
way of neasuring water potential, in some holes right next to
sonme of these heat dissipation probes to confirmthat the
water potentials that we see anbient in the cross drift are,
in fact, what we're really seeing. So those have been
i nstrunment ed behind the bul kheads, and 1'I|l get to the

bul kheads in a m nute.
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The ESF niche studies. Again, the ESF niche
studi es, we've constructed four niches. Law ence Berkel ey
has done a series of niche seepage tests in those niches.
These are all in the mddle non-Ilithophysal unit.

Just to reiterate, the purpose is to evaluate
drift-scal e seepage processes and seepage threshold. W' ve
measur ed seepage threshold fluxes at Niche 2. Niche 2,
pointed it out in the earlier diagram but it's down by the
Sundance Fault, down towards Al cove 6.

W saw a capillary barrier form ng and we saw what
| call fracture wetting history effects, neaning when we
first started liquid release tests, we didn't initiate
fracture flow i medi ately, but you saw hysteresis, so when
you did the second test, you initiated fracture flow nuch
faster because you'd wetted up the fractures.

Al'so, we do air perneability, both before and after
excavation at the niches, and we saw an air perneability
increase in the near-field after excavation at both niches.

Sonme of you have heard Rob Trautz of LBL, or maybe
Bo, tal k about some of this work. But before we go in and do
t he excavation, we actually inject dye, and as we're
excavating, we take sanples to see where the water has
travelled. 1In the fracture systemat N che 3, and let ne
back up, Niche 3 is up closer to Alcove 5 and sort of nore

what 1'Il call run-of-the-m Il mddle non-lith. Down by
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Ni che 2, you're nmuch nore closer to the Sundance Fault zone.

But at Niche 3, we saw dye travel about 1.2 neters below the
rel ease point, whereas, at Niche 2, it travelled about tw ce
as far.

And we're in the process, Niche 2 testing is really
wi ndi ng down, we're in the process of doing liquid rel ease
tests at Niche 3 right now, and are focusing again on
determ ni ng seepage threshold to conpare the results from
Niche 2. And there's sonme results for Niche 2 in the next
sl i de.

This is actual data, saturated hydraulic
conductivity on the Y, versus seepage threshold flux. Wat |
mean by that is, and first let nme describe what | nean by the
two colored synbols. This is actual field neasures from
liquid release tests. Fracture network is where you have a
conbi nation of high and | ow angle fractures, and then high
angle fractures is just what it says. So we have a series of
borehol es and we're releases at different intervals, and
we' ve characterized the fractures and then grouped theminto
t hose two broad areas.

In general, what's done is you basically start at a
very high infiltration rate, and you basically do a series of
tests, marching down until you reach a so-called threshold
where you see drips into the opening. So what |I'mplotting

here, as you can see, the flux, at least at Niche 2, the
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results are much greater than 100 mllineters per year. You
have to get to fluxes--let ne back up. Any flux up to this
poi nt, you wouldn't expect to see any drips into the opening.
kay? So this is real inportant to performance. |f you can
denonstrate the threshold flux is very high, and you could
have significant flux through the repository horizon and
still not get any drips in the opening, so that's a very
inportant part of the natural system performance. And we're
in the process of trying to define that better.
A brief update on the Chlorine 36 validation study.

You're aware of the work that's been done by June Fabryka-
Martin and co-workers at Los Al anpos over the years in the ESF
and now in the ECRB. There's an ongoi ng i ndependent
validation effort going on where we're attenpting to validate
t he occurrence of bonb-pulse Chlorine 36 at two | ocations

that we saw in the ESF, nanely we chose the Sundance and the

Drill Hole Wash Fault zones.
This is a joint effort involving USGS, and you can
see the list down there, Livernore, Los Alanos is invol ved,

AECL, and then the Accelerator Facility at Purdue is still
involved as well. W're drilling 50 boreholes, nostly 6
neters deep. There's two that are 10 neters deep. And we're
collecting core, they're dry drilled, 40 at the Sundance, 10
at Drill Hole Wash. We'l| take those sanples and conduct the

suite of analyses that you listed, chloride, Chlorine 36,
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Tritium U series, as well a Technetium99. And also in
talking to Zel earlier, we're exploring possible Iodine 129
as wel | .

In terns of the status, we're drilling these as we
speak. As of early June, a couple weeks ago, we had finished
20 borehol es at the Sundance and there had been a core party
at the SMF where they had taken sone initial sanples. As |
said, we are drilling, and that's supposed to be finished by
August, and the anal yses are ongoing. | don't have any data
to report today, but the initial Chlorine 36 and U series
wor k shoul d be available by md July.

Cooperative work on fluid inclusions. This is
related to some of the issues of, you know, alternative
interpretations of the fluid inclusion occurrences that you
see in sonme of the fracture mnerals in the ESF and
otherwi se. There's a cooperative study ongoing, UNLV, the
Department and State of Nevada. Right now, all we've really
done to date is we spent a tremendous anount of tine taking
sanples in the ESF and the cross drift, not only within the
tunnel s thensel ves, but in the al coves.

The way it's working is there's quarterly neetings
where all the technical people get together and di scuss what
they're seeing in the rocks, actually sit there with the
m croscope and |l ook at the fluid inclusions. They had a

prelimnary kickoff nmeeting in April, and they just had
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anot her neeting a week ago. | think it's probably premature
to--1'd say next neeting, it would be good to have an update
on that. But really, it's too early to really say a whol e

| ot about the results fromthat, but we are sanpling. W
fini shed sanpling and we've taken nore than 150 sanpl es at
this point.

Now, the cross drift. Just to rem nd you, you've
heard about the work that's gone on in the ESF, Zel Peterman
and co-workers | ooking at fracture mnerals and trying to get
an integrated picture of the long-term percolation flux
t hrough the repository horizon. That work is ongoing in the
ECRB and the cross drift. This is just a smattering of what
t hey' ve done to date.

They' ve done sone line surveys like they did in the
ESF to determ ne the spatial distribution and abundance of
the deposits. They've done a significant anount of sanpling,
i ncluding sonme feature sanpling in the Solitari o Canyon
Fault. And then the bottomthree bullets tell you what they
plan to do, akin to what they did in the ESF. Ongoi ng
analysis right now, I can't really say nuch about the
anal ysis, but the one thing we can say is the occurrences
tend to be very simlar to what you see in the ESF,
regardl ess of what unit you're in in the Topopah.

Ongoi ng mapping work in the cross drift. As you

know, the Bureau has mapped the cross drift as we were
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excavating, and they're in the process of finalizing the
report for those mapping results. But there's also an
additional activity going on right now, which we call the
smal | -scal e fracture study. As we were driving through the
cross drift, we noticed--renenber when the Bureau maps the
first pass, they use a fracture length cutoff of a neter.
Anything greater than a neter, they map. As we were going
particularly through the lower lith, we noticed a | ot of
smaller fractures that we weren't mapping. So they've gone
back in and done six traverses, horizontal traverses about 6
meters long, with sone vertical traverses associated with it
to characterize the fractures that are down to 4 centineters.
This is the location of the traverses. The
construction station on the left, that's the neters, so the
first one is, for exanple, 1115 nmeters fromthe start of the
cross drift, with the lithostratigraphic unit, and then the
m ddle non-lith. So we have two traverses in the m ddl e non-
lith, three in the lower lith, and one in the [ower non-lith.
This just shows you the sanme thing in plan view
This is the cross drift com ng across. The black |ines show
where the contacts are between the different units as exposed
in the tunnel, and then the locations of the six traverses.
This is actually sone data. What we've got here
is, again, we've got as a function of construction stations,

so here's the four units, here's the Solitario Canyon Faul t,



© 00 N oo o B~ w N P

N N NN B R R R R R R R R
W N P O © N O U~ W N R O

24
25

367

and again as you cross over the Solitario Canyon Fault, you

go back up in the section, all the way up to the upper lith

This is fractures per 10 nmeters, so it's fracture frequency
plotted along the Y axis.

The actual observations fromtheir initial mapping
where they had a fracture |length cutoff of a neter are shown
inred. So you can see the lower lith and the upper lith
fracture densities are very low, close to zero. Wereas, in
the m ddl e non, you get upwards of ten fractures per 10
neters greater than a neter |ength.

What's shown in the purple is an actual predicted
frequency that Chris Rautman of Sandia did based on the raw
quality data that the Bureau collected in the cross drifts.
You can see that that would predict that you would get a nuch
different distribution of fracture frequency as you wal k
through the cross drift.

This small-scale fracturing study is addressing
that issue, and on the bottomhere is a prelimnary
observation based on what the Bureau is finding. They're
seeing that regardless of unit, they get around 150 to 305
per 10 neters, regardless of unit, when you go down to 4
centinmeter cutoff, which is, as you can see, nuch nore in
l[ine with what you would predict fromthe RQD

| know there's a lot of interest in what's going on

in the alcoves and niches. The next slide will have a--maybe
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go to the next slide, and then we'll go back. This gives you
the detail of the cross drift. You' ve seen this before.

Sone of the al coves and niches pl anned have nove around a
construction station. Cross drift running out here. W
stopped the TBMright around in here after we had crossed the
mai n splay of the Solitario Canyon Fault.

There's ongoing work in there right now W
di scussed at the January neeting the prospect of actually
bul kheadi ng off part of the cross drift. That was raised by
the Board. 1t's also been discussed by the NRC. W, in
fact, have gone and done that, and as of |ast Wdnesday, the
bul kheads were cl osed.

So what we've done is we put a bul khead right here
at about 1750 neters fromthe opening, just before you get
underneath the crest, the high infiltration area at the
crest, and also an additional bul khead right before the main
splay of the Solitario Canyon Fault, about 2500 neters out.
Those have been closed. W' re not ventilating behind there,
and we've got the instrunmentation run to fiberoptic, and
we're collecting data ongoing to see how the systemreturns
to anbient, and get a feel for the difference in hydrol ogic
response as we nove across that part of the cross drift.

Al so, what's planned in the inmmedi ate future, is
we're preparing to start excavating the cross-over al cove.

That starts its way in the upper lith. Renmenber, that goes
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out over top of ESF Niche 3, and there we're doing a fl ow and
transport test. W're introducing a known anmount of water in
the bottom of the cross-over alcove, and then we're going to
see how it flows through the upper lith, and al so address
seepage issues underlying Niche 3. Renenber that it starts
at the upper lith, but because of the different units, you
actually enter the m ddle non about 5, 8 neters below the
cross-over alcove. So we're actually |ook at two
stratigraphic units there.

So, again, that drill and blast excavation is
scheduled to start here in the next--probably in the next
three or four weeks. Testing would continue in 00, according
to current plan.

Followi ng that, the current plan would call for
nmoving to Niche 5. That is a seepage test in the | ower
i thophysal unit. Again, remenber the |ower |ithophysal, you
pick up the I ower |ithophysal unit right about here as you're
wal ki ng down the cross drift. So this would be a seepage
test akin to the ESF test, but again in that lower lith unit,
whi ch nmakes up the majority of the potential repository.

And follow ng that, the plan would be to nove to
the cross drift thermal al cove, and do a smaller thermal test
inthe lower Iith to conplenent what's going on in the drift
scale test. But, again, these are all according to the

current plan. [I'Il get to sone of the caveats on that, and
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you' ve heard sone of that already.

|"ve already said nost of this. This gives you a
detailed status on the things that are in the inmedi ate work
scope out there at the ECRB, the bul kheads, the cross-over
al cove and Niche 5. | won't go back through that.

This is a schematic of the cross-over al cove.
Again, off the left rib of the cross drift, and then bel ow
here is the ESF Niche 3, we'll have a series of vertical

bor ehol es com ng down, and also up from N che 3, for

observing the wetting front, and also we'll put an
infiltration plot in the floor of Alcove 8 and introduce a
known anount of water.

COHON:  What's that distance again?
PETERS: It's about 15, 20 neters. 15 neters.
Actual ly, closer to 18.

This is a schematic of what a niche will |ook Iike
in the cross drift. Renenber, in the ESF, sone of you have
seen the niches, they're just short 10 neters drives off of
the main there in the ESF. Here, in the ECRB, we're actually
going to excavate an access drift off of that, and then the
actual testing niche will be at the back end. So we'll stil
do these pre-niche excavation boreholes, as well as sone
radi al boreholes for long-termtesting. Sanme concept, liquid
rel ease fromthese upper holes, |ook for seepage in the niche

itself.
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Continuing in sort of randomwal k through the
testing activities, I'lIl nove to the surface, the surface
based testing programin the saturated zone. The steep
hydraulic gradient. As you heard in January, we deferred any
further drilling at WI-24 unless we deened it necessary to
nmeet PA needs in support of SR and LA. But we can say--and
that's been done, but we can say fromthe results from 24 and
earlier testing, there are sone inportant constraints that we
can nmake on the steep hydraulic gradient.

We did encounter the regional potentionetric
surface close to the bottomof 24, and we did see above that,
per ched water above the regional water table in 24, as we've
seen in sone of the other holes up in that area. And we know
that's perched. That's based on hydrochem stry and sone
ot her constraints.

So what can we say to date? Right now, the favored
hypot hesis is that the gradi ent does exist north of the
potential repository, but it's probably not as steep as we
once thought, and the condition that causes that gradient may
actually tend to divert sone of the saturated zone flow
eastward around the potential repository, and dowmn Fortym|le
Wash or M dway Valley, along sone major structural features.

This is probably out of place, but just to rem nd
you with WI-24, it |looks like a lot of colors, the main point

is that we TDd WI-24 in the Calico Hlls. It was a
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relatively tight portion of the Calico Hlls, and we were
unabl e to get a reasonable punp test.

SD-6; in January, | told you we had steel stuck in
the bottomof the hole. W weren't sure what we were going
to do. W had never TDd that hole. W were stopped at about
2500 feet. W had just hit the water table. W have since
deci ded to go ahead and use a whi pstock techni que. W
di verted around that stuck steel. Instead of going in and
trying to fish it out, we went around it, and we TDd t he hol e
about a nonth ago, and we've just finished the punp tests
there at SD-6.

We did a series of short punp tests, then we did a
two week punp test. We were able to punp about 16 gallons a
mnute for a couple weeks. W TDd that down to the Bul
Frog. W actually were in the Bull Frog . That Cwell, that
actually is the producer. Up here, it was still a relatively
| ow producer, but we were able to sustain a punp test.

| can't say a | ot about the punp test right now
They're still analyzing it. [1'd say the next update, you'l
probably hear nore about what we think we know about SD-6,
but they are | ooking for not only recovery data within SD- 6,
but al so | ooking at sonme of the local wells to see if they
see any drawdown locally froma nore regional perspective.

More on the saturated zone. You heard the |ast

nmeeting about the cooperative work we're doing with Nye
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County, and | won't dwell on this because you're going to
hear a | ot nore about Nye County next talk.

The field work is nostly conpleted. W're in the
process of analyzing cuttings and al so anal yzi ng wat er
sanpl es, and providing that information in a cooperative
fashion with Nye County. The data that we're collecting is
bei ng i ncorporated into the project SZ flow and transport
nodel that is being iterated in preparation for SR

The last bullet is actually old news. Nye County
next talk will tell you what they're planning on doing in
terns of details for 00. The main point is is that we are
involved in working with themon that planning, integrating
that. The parentheses are actually in error. Things have
evol ved in a couple weeks, and they're doing a different
nunber of shall ow and deep.

Now, to switch gears conpletely fromthe natural
system and go over to the pilot-scale testing, as you know,
over at the Atlas facility in North Las Vegas, they're doing
a series of engineered barrier systemtests to address EBS
performance. | told you about Test Canister 1 that they
initiated in md-Decenber, where they were | ooking at a
Richard's Barrier, nediumsand over coarse sand, very high
drip rates. That test is continuing, and what they have
found is Richard' s Barrier continues to effectively divert

the water. They've been able to collect greater than 98 per
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cent of the water, and it hasn't actually conprom sed the
Richard's Barrier itself.

When | talked to you in January, they were just in
t he process of starting the second canister. That was
initiated in md-January. That was a coarse sand backfill.
The sand was the sane coarse sand that they used as the
bottom part of the Richard's Barrier in Canister 1. That
actually--fail may be a strong word--but the nock canister
actually got wet, saw water within 24 hours, and the backfill
was fully saturated | believe within |ike a week. So that
only ran for a nonth. They turned that off. That was,
again, at very high infiltration rates.

Now, the new devel opnent that's com ng out of the
LADS effort, as you heard about, drip shields have becone a
big part of that effort. So just really two weeks ago, they
initiated a third test, and I'lIl show you a schematic of that
in the next diagram But the concept is a drip shield, they
have a crushed tuff invert with a steel nock cani ster, and

they're going to enplace a 2 centineter thick stainless steel

drip shield over top of that, no backfill over the top of the
drip shield.

Phase 1 is ongoing. Wat they're doing is they're
heating it up. They've got a single elenent heater within

the canister. Let's go to the next slide. This is a

schematic. Here's the scale. Again, | apologize for the non
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SI units. This is about four foot dianeter. They have a
| arge test canister. Inside that, they have a netal canister
with a single elenent heater init. This is the drip shield.
Then they have guard heaters around the external part of the
cani ster.

The goal is to maintain the canister surface at 80
degrees C., the surface of the test canister at 60 degrees C.
They're in the process of doing that, and then they're going
to come back in and enplace the drip shield and then start
the dripping process, and they've got this instrunmented.
They al so have the crushed tuff invert instrunented. But
they're | ooking for phenonena like if they get, for exanple,
condensation up under the drip shield that mght drip onto
the can, et cetera, those kind of phenonena that are really
inmportant to drip shield perfornmance.

So that was quick, not a |lot of detail on a | ot of
the things that are going on in the science program

What about SR, and if we continue on past SR to LA,
and now we're integrating with the LADS process, and you've
heard a | ot about we have constraints on the program budget
constraints, et cetera. W are in the process, during the
pl anni ng process, to prioritize the testing program W're
linking it to the evolving safety strategy and LADS, so this
is an ongoing process. | can't sit here and tell you exactly

what's going to happen and what's not. W are prioritizing
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that list, and then it's alnost a matter of where you draw
the |line, depending upon things that the budget cycle will do
t hat Lake di scussed yesterday.

To date, and |I'l| enphasize to date, this is the
priorities, because again the safety case, safety strategy is
evol ving as we speak, but to date, these would be sone of the
priorities for the natural system UZ flow and transport,
finishing up sone of the ESF testing, starting up sone cross
drift testing, and continuing Busted Butte. This is really
| m speaking for 00 here.

Seepage is going to likely be a very high priority,
again, finishing up sone of the ESF testing and hopefully
getting in there and doing Niche 5, in particular the |ower
l[ith niche. Near-field coupled processes, and then of course
SZ flow and transport, and there, the cooperative work with
Nye County cones in.

A short slide on the PVRs. Mark talked a | ot about
the PMRs, so | won't dwell on this. An inportant point
probably is that all the testing data that we're collecting
that goes into the subsystem nodels and the abstractions is
bei ng docunented in these analysis and nodel reports, which
are sort of the basis for the PMRs.

And Mark | think also nentioned this. It's
inmportant to note that there's going to be testing that wll

continue through the revs of the PVRs, and there will be
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periodic feeds to those. Just because we have a feed in
August doesn't nean we're going to stop work, for exanple, at
Busted Butte. Busted Butte will continue and will feed the
next rev of the AVMRs and PMRs.

What about long-termtesting? This kind of rel ates
back to the prioritization and sone of the things that | said
were priority. Current plan, and | enphasize current plan,
for long-termtesting would include the drift scale test,
work in the cross drift, and SZ work in cooperation with Nye
County.

This is sone long-termtesting that actually would

go past, in the current plan, would go past the SR and LA

mlestones. So it's all in how you define perfornmance
confirmation, but we're still |ooking at processes there, but
we're al so | ooking at prioritizing the performance

confirmation program In longer term that will be linked to
the TSPA sensitivity anal yses and the regul atory
requirenents.

We're in the process of reving that plan, right
now, |ooking like it's going to be conpleted in 00, and
that's |inked back to these same principal factors of the
evol ving safety case and the LADS process. So we're in the
process of refining that.

So it was fast, but | hope it gave you all a feel

for what we're doing.
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RUNNELLS: Thank you, Mark. That was an excell ent
presentation, and a ot of material in a short tine.

We do have tine for questions fromthe Board.
Debr a?

KNOPMAN:  Knopman, Board. Mark, would you el aborate a
l[ittle bit nore on the priority setting process for the
scientific work in the near term next six nonths, as well as
the followng year? W heard a little bit about this just in
an informal discussion, but it would help to hear how the
science folks are interacting with the TSPA teamin
identifying what needs to be done and when.

PETERS: Ckay. You remenber the discussion at the
January neeting about Table 2.2; right, Abe? It was the sort
of principal factors of the safety case as was contained in
the VA. That table is being | ooked at, and based on the new
information that we've got, and the results of the TSPA,
we're updating that table to reflect our current
understanding. A draft of that table was provided to the
contractor by DOE, and the MO is now in the process of
| ooking at that and identifying the key factors that affect

performance, and that wll drive the prioritization. The

science organi zations are involved in those discussions. |'m
i nvol ved in those di scussions.

KNOPMAN:  |Is that being done quantitatively through TSPA
sensitivity analysis or is there also--1 was just going to
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1 ask if that's the only way in which the priorities are being
2 set, or can you in a sense have an override fromthe

3 scientific teans because of a strong opinion that that TSPA
4 analysis is not producing a reasonable result?

5 PETERS: We're pushing back on it, and there's a |ot of
6 back and forth on that. There's people in the audi ence who
7 can address it a lot better than | can, but they are using

8 the TSPA VA expected value, and they're doing it, they're

9 | ooking at neutralizing, they're neutralizing different

10 barriers, and then it's a neutralization analysis, and then

[EE
[EEN

they're seeing that it's allowing themto identify the

12 principal factors for performance.

13 Sonme of the things that are com ng out; seepage is
14 very inmportant. Drip shield performance is very inportant.
15 W're in there pushing back, and there's a |l ot of back and
16 forth onit. It will be the key to driving the

17 prioritization of the program

18 RUNNELLS: Dan Bul | en?

19 BULLEN: Bullen, Board. You showed us a |ot of very

20 good data inputs that will be com ng avail able along the

21 lines of the next few years or so. Wat's the absolute | ast
22 chance for new data to get into the AMRs or the PVRs prior to

N
w

the TSPA for site recomendati on?
24 PETERS. First round of data, and Bob, you can correct

25 me if | step on nyself, but August, the first round for Rev.
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00 cones in around August. | believe there would be an
update sonetinme in the winter of 00.
ANDREWS: Bob Andrews of the MO, Let ne try, Dan
As you know, the AMRs, the analysis nodel reports,
feed on the data that Mark was just describing here, as well
as software and other pieces of information, literature
val ues, et cetera, and those then get rolled up into PMVRs,

get rolled up into TSPA

© 00 N oo o B~ w N P

We have, as Mark Tynan said, a very controlled

[EEN
o

process now to incorporate new i nformati on and eval uate the

[EE
[EEN

i npacts of new information. But there are kind of freeze

[EEN
N

dates on data for different revisions of the TSPA. The

[EEN
w

freeze dates for Rev. 00, as Mark Tynan pointed out to you,

=
N

are essentially, you know, this sumrer or early fall, late

[EEN
a1

sumrer or early fall of this year. 1t depends on the nodel.

[EEN
»

Some of themcone in alittle bit later. And for Rev. 01,

[EEN
\l

it's essentially eight and nine nonths after that, so next

[EEN
[o0]

spring, next summer sort of time frane.

[EEN
(o]

BULLEN: Bull en, Board. And so at that tinme then, the

N
o

data that we've collected, for exanple, in the next ten

N
=

nmonths is going to be what's going to be avail able for TSPA

N
N

SR, and post that, there will also be--1 nean, if the siting
23 recomendati on continues on, there will be nore inputs that
24 will be Rev. 02 of the PMRs that you'll provide input to?

25 ANDREWS:  Yes, there is, as Mark showed on his slide,
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there's a Rev. 02 of the PMRs, which essentially goes into
the |icense application.

BULLEN:  Okay.

ANDREWS: So between now and then, you can think of

three revisions of data, anal yses, process nodel reports and

TSPA.

BULLEN: Okay.

ANDREWS:  And, of course, if any new pi ece of
information cones in late, you know, the systemw | allow

sonme inpact analysis either at the analysis |level or at the
process level or at the TSPA | evel, depending on the severity
of that new information, either positive or negative.

BULLEN: Now, as a followon to that, I1'll come back to
Mark and say are there any pieces of data that are key that
won't hit those deadlines? |Is there sonmething that you think
that you really would |ike to have had, or you're |ooking
for, that won't be available in tine for the exanple, August
of this year, or the eight nonth later tine frame? O are

you pretty confortable with the way the schedul e | ooks ri ght

now?

PETERS: Well, let me maybe not answer it directly, but
et me junp around the question a little bit. There are
things in the schedule that aren't going to be avail abl e by

August, namely the SZ stuff won't be totally mature, and the

cross drift is not going to be totally mature. But we're
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going to have to go with what we've got, make the proper
assunptions, be it conservative or boundi ng, whatever we need
to do, and then as we get information, update. But, yeah,
the reality is that certain things are not going to get done
for August.

BULLEN: Thank you.

RUNNELLS: A question from Dick Parizek?

PARI ZEK: Parizek, Board. You discussed the Richard's
Barrier and the results seemvery favorabl e based on the
Atl as experinents. | have not visited that facility, but
woul d be interested in see that. EPR also did sone
cal cul ati ons and denonstrations that show that works. That's
natural material and the physics of that won't change in
10, 000 years. On the other hand, maybe the properties wll
change if you cenent it or harden it, maybe fracture it,
vari ous peopl e have pointed that out. Are you doing
experinments at the Atlas facility that deal with cementation
possibilities, and the chem stry of reflux waters?

PETERS: A lot of the materials testing on those kind
of, a lot of the chem cal stuff that m ght go on, sone of
that's being done at Livernore on a batch or colum type
experinment. They're not actually doing that at the pilot-
scale test at Atlas, but those issues are being addressed at
Li vernore as part of the sanme program

PARI ZEK: Because yesterday, we saw an exanple of a drip
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shield with about two feel of backfill on top of it. It was
not a Richard' s Barrier arrangenent; at |east the cartoon
didn't suggest that. It was said to be informal, so we allow
for that. But you can get so nuch out of Richard's Barrier
why woul dn't you use it along with another drip shield, since
drip shields are netals and you al ready have super netals in
the canister with the stellar performance results we heard
about. So, you know, we're adding redundancy here, but drip
shield is good. You' ve got to construct it, but R chard' s
Barrier on top of it would also buy you a |ot fromwhat your
data i s suggesting.

PETERS. It seens to be very effective in the test, and
there's other exanples, and you see a | ot of exanples out

there where they are very effective performance-w se

PARI ZEK: Ri ght.

PETERS. |Is there a question in there, or do you--

PARI ZEK: Well, it's a design factor. That nay be put
in the design. That is a question. Wen do you put it in?
When would the drip shield go in? | guess that's |ate before
you cl ose the door, and then this question of roof stability?

PETERS: Ri ght.

PARI ZEK: |Is rempotely placed, and so there's sone
operational things, and |I'msure those are things the program
i s thinking about.

PETERS: Yes. |If you want to get at the sort of
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operations aspect, | see Jimstanding up already because |I'm
going to ask himto comment on that.

BLINK: JimBlink fromthe M. W did consider a
Richard's Barrier as the backfill. It is an option that is
not precluded, because we don't have to finally design that
backfill and enplace it until sonetinme into the future. The
reason we didn't put it into the EDA Il directly was because
of the construction difficulty of enplacing it renotely in a
thermal |y and radi oactively warm environment. W just
deci ded not to take that on unless we had to. But we haven't
precluded it either, and we're very interested in follow ng
the results, both of the Livernore tests and the Losee Road
tests.

PARI ZEK: One ot her question about priorities. You

didn't happen to nmention the drip shield heater experinents.

| assune that will run just |ike Busted Butte. You didn't
state that.
PETERS: Right now, yeah, that's considered.
RUNNELLS: A question fromPriscilla Nelson?
NELSON: Thanks. Nel son, Board. Two question; one,
when will air perneability or other direct evaluation of

perneability of |ithophysal units data becone avail abl e?
PETERS: W've drilled three boreholes at the Niche 5
| ocation that we're going to use to do pre-excavation air K

Those have been drilled. W w Il hopefully have those
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measurenents by later this summer. That's in the lower lith

NELSON: So those will make into Rev. 007?

PETERS. Be right on the harry edge, but the information
wi Il be avail abl e hopefully to incorporate into the UZ
process nodel

NELSON: Ckay. Let ne ask you a question about that
apparently free know edge about the drilling construction
wat er that got down and went an order of magnitude further in
the non-lith than it did in the lith; is that correct?

PETERS: Ri ght.

NELSON: How was that observed? And were there
observati ons made about how nmuch of that water m ght have
entered matri x porosity?

PETERS. It was observed by sl anted down deep borehol es,

they cored themafter the TBM passed, and they anal yzed the

chl ori de.

NELSON: And these were air cores, air drill?

PETERS: Yes.

NELSON: So there isn't any separation of whether--where
the water was, how nuch m ght have entered fractures?

PETERS:. There was a bullet in there. The only part of
the detail that | can give you is the water bal ance suggested
t hat about 50 per cent of it was lost to the fractures. But
how much of it entered the matrix, |I'mnot sure how well we

could address that actually.
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NELSON: Is there a report on these observations?

PETERS: There is an informal report on that that |
could talk to Claudia and we could try to get you a copy.

NELSON:  Ckay, thanks.

RUNNELLS: There's time for one |last question. Anything
fromthe staff?

(No response.)

RUNNELLS: Ckay, let me ask a quick question then on
Alcove 1. 1've always been kind of worried about the 30
nmeters as not being representative of the thicker rock that

will overlie the repository. Has there been any
characterization of that 30 nmeter thickness above Alcove 1 to
denonstrate that the hydrol ogic and chem cal properties are,
what should | say, representative or at |east near enough to
the repository cover as a whole that it will be foll owed?

PETERS: It's not in the right unit. It's in the Tiva.

RUNNELLS: |I'mthinking nore of the fracturing, the
m neral coatings on the fracture surfaces, those kinds of
t hi ngs, the nunber of fractures.

PETERS: Well, the fracture coatings are different
because you're so close to the surface, and you get a |lot of
calcrete type, you know, evaporation produced type deposits
there. So fracture mneralogy is probably different in terns
of abundance, and nmaybe even type. The fracture density,

it's different in the Tiva. It's a fractured unit, but |
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can't really nmake a direct, totally direct conparison to what
you see in the Topopah.

RUNNELLS: So is the primary purpose of it to, let's
say, calibrate a nodel, to test the nodel, as opposed to
simul ate the Topopah?

PETERS. Yes, and to | ook at the effect of varying the
infiltration rate on flow through the Tiva. That is the cap
rock that controls a ot of the infiltration into the
mountain. It was originally formul ated as part of the E
Ni no test.

RUNNELLS: Right. GCkay, thank you very nuch, Mark.

PETERS: Ckay.

RUNNELLS: | think we're going to have to term nate the
questions at this point.

Qur next presentation will be by Tom Bugqo fromthe
Nye County Hydrol ogy Program and | have two things | want to
menti on before Tomgets started. Nunber one, the Board had
the opportunity, thanks to the Nye County people, to visit
three of the wells that are involved in the Nye County
program when we cane out here the day before yesterday. And
| want to thank very nmuch the Nye County people, N ck
Stel l avato, Tom Buqo, Parvis Montazer, and half a dozen ot her
fol ks who were our hosts and hostesses. It was a very nice
trip. W also visited the Oasis Valley study site, and we

had there hosts fromthe USGS. So | want to thank those
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peopl e.

The second announcenent with regard to Nye County
is in the back room back here, they have set up a
denonstration of the Wst Bay sanpling devices, and anybody
who is interested, is welcone to go back there and see how
t hese West Bay sanpling devices are working in the Nye County
wel | s.

So wth that rather |engthy introduction, we'll

wait for the m crophone to be attached, and I'd invite himto

proceed.
BUQO. A couple of quick announcenents. 1In addition to
the West Bay out there, again, we'd like to thank you for

comng to Nye County. It's very significant that you're out
here and we appreciate that effort. There's sone road work
going on out there. For those folks of you that are trying
to push to get to an airplane, figure in another 20 m nutes.
Those flight people out there live here in Beatty and we
want them all back tonight. GCkay?

Sonme acknowl edgenents. W have to acknow edge
we're working in a very cooperative environment and we want
to acknowl edge that that environnent exists. W wouldn't be
doing this work without the Departnent of Energy. O course
they're funding it. But nore inportantly than that, is that
we have a true spirit of cooperation going on | think between

all the participants in this program and that's assisting us
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in doing this work, and hopefully it will assist us in
collecting the data that people need coll ected.

And, finally, a little bit of our own disclainer.
| can't speak on behalf of Nye County, and I'mhere to
basically sumrari ze the information. W have limted
resources. W've got a teamof 10 to 15 people that we can
bring to bear on this, and we're not experts in every single
di scipline out there. W just do not have that capacity. So
when | present things, |I'Il be tal king about what our
speculation is. In sone cases, we are not in a position to
be able to state definitively here's what these data nean
We're taking our best guess at it, and we're doing the best
that we can, and we're going to try not to overstate things.

| want to give you a little interimstatus report.
We're breaking up our evaluation for the data into sone
functional areas: hydrostratigraphy, aquifer testing, water
chem stry. W covered those quite a bit on the field trip on
Monday. W're going to do a little bit of rehash on that.
Today primarily we're going to be tal king about the hot water
and the Phase 2 pl ans.

"1l give you a little background on the program
Sept enber, COctober, Novenber were very busy tinmes for us. W
had to get our plans and procedures into place. W had to
get our BLMpermts in. W had to get our funding all |ined

up. We sat down at a neeting in md Cctober and N ck said,
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"Realistically, when are we going to start drilling," and |

| ooked at himand said, "Novenber 30th." Well, we got our
fundi ng Novenber the 27th. W got our BLM permt on the
29th, and we were able to actually start drilling on Novenber
t he 30t h.

Decenber, January, February, we were drilling.
kay? We generated a great deal of data. W continued our
wel | conpletions into March. |In March, we made an effort to
get this out. This is how | spent nmy March, putting together
the data package. We distributed this, what N ck, to about
60 di fferent people.

As we generate new information, we will be sending
out updates to this. W' ve gotten sone feedback from sone

peopl e, found a couple of glitches. Wen we send that out,

we' || be sending out an errata and expl ai ning things that
peopl e have had conmments on. | think it's good, because that
shows us that people are actually using this data.

Under hydrostratigraphy, we started out, this was
our conceptual nodel over here, based on Fel derhoff 25-1.

What we found in reality is confirmed sone of these things.

The valley-fill deposits in Amargosa Valley are indeed quite
variable. [It's not a single layer systemof alluvium as it
appears in sonme of the nodels. W have suspected that there

are preferential pathways for groundwater flow and, hence,

contam nant transport. W went out and did sone testing and
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found out yes, indeed, there are preferential pathways.

We suspected that these vol caniclastic sedinents
may have a pronounced inpact on flow. Again, the drilling
confirmed it. |In areas out there, they do have a pronounced
i npact on flow, especially with respect to this situation at
the Pavits Spring formation, being juxtaposed up agai nst a
bl ock of volcanics, resulting in shall ow groundwater and the
formati on of sone pal eospring deposits out there.

Based on that, we think sone of the geophysi cal
interpretations that we used in our work in siting our wells
may need to be revised.

W' ve done a ot of work with the USGS. They've
been hel ping us a lot. They gave us geophysi cal
interpretations, so we have Felderhoff well sitting down here
where the carbonates are known to be 2200 feet. Based on
that, we follow this contour around, and we thought over here
at 1-D, it should be about 2500 feet, too. Well, we drilled
it 2500 feet, and although we think we were getting cl ose, we
didn't hit any carbonates.

Well, we're concerned that the geophysical nodels
maybe use the properties of the volcanics in other areas to
come up with these interpretations, and now maybe we have to
go back and rethink that and reprocess the data with new
information that reflects the properties of the Pavits

Springs.
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And finally, in hydrostratigraphy, we're finding
that the conpartnentalization of the aquifers conplicates the
definition of hydraulic gradients. And one thing I'll be
stressing to day over and over is don't try to nmake too nuch
of this. R ght now, we're in the first stage of an
expl oration program and we've got a lot of work to do and a
| ot of thinking to do.

Here's a cartoon that we put together that shows
our basic hydrostratigraphy, what we think is going on, a big
thick | ayer of these tertiary sedinents sitting down here,
and dependi ng on where you are in the system it can have a
pretty pronounced effect on things.

Agai n, the geophysical interpretations nmay need to
be adjusted, and we know that within this conceptual nodel,
we' ve got a bunch of perneabl e pathways for flow.

We're doing nore than just drilling. Every chance
we get, we go out and do sone aquifer testing. For our wells
that we've conpl eted, before we put in those West Bay
conpl etions, we go out and we do a constant discharge aquifer
test that gives us a conposite water chem stry sanple, and it
gi ves us sone conposite hydraulic characteristics onit. So
we' ve sanpl ed three shall ow West Bay wells. W cane over
| ast nonth--or actually, earlier this nonth, and did a 48
hour constant discharge test at one of the wells at Lathrop

Vel |l s.
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This turns out to be a real inportant well. It
saved us a lot of noney. W were going to go in and put in a
well at 4-D, and 1'll show you on this map, 4-Dis sitting
ri ght about here approximately. It was going to cost us half
amllion dollars to put in this well because it was going to
have to be large dianeter. W wanted to get several thousand
gallons a mnute out of it so that we could use our other
wells as nonitoring wells.

Well, the lady up at Jackass Aeropark was kind
enough to allow us to shut off her water for five days, pul
her punp out, put in a higher capacity punp, and do a quick
and dirty 48 hour test around there while we nonitored.

Based on the result of that, and her cooperation, we're not
going to need to drill that half a mllion dollar well. W
can spend that noney el sewhere in the program

So later on this cal endar year, but not fiscal
year, we plan to go back in, put in a larger test, |arger
vol une punp, and do a longer test with better
i nstrument ati on.

July the 6th, in cooperation with the Park Servi ce,
we're going to be going in and testing a well conpleting in
the Stirling quartzite over here. That wll give us better
definition of what | eakage we may be getting across the
Funeral Mount ai ns.

"1l talk alittle bit nore about the Lathrop Wlls
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test. It's really inportant to us, and the reason why, the
Lat hrop Wells you see now is not what you saw five years ago,
or even two years ago. It's quite different as you're
driving up through here, and Nye County believes that it's
going to be quite different ten years fromnow, and even nore
different 20 years from now.

|"d like to point out BLM has designated | and for
di sposal to Nye County for a business park at Gate 510.
We're noving forward with the concept of a science and
t echnol ogy corridor along H ghway 95. W plan on putting a
big tinme science nmuseumup there if we can get the funding
fromthe federal government, and we hope that we can. So we
see bi g changes happening up there.

One of our concerns has al ways been as Nye County
grows, and we're using nore and nore water, what is the
i npact on the water table going to be, and is that inpact
going to extend to Yucca Muuntain, and do we have to take
those things into consideration.

Pahrunmp is boom ng. W project that by the year
2050, there will be a m ni mum of 150,000 people living in
Pahrunp Valley, with an associ ated water demand of 80, 000
acre feet a year. R ght now, they're punping 30,000 acre
feet a year. W don't know what the inpact of that is going
to be, but we do feel that we'd better take this sort of

thing into consideration.
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So getting back up to Lathrop Wells, we've got
different types of wells up there. W've got a big thick
clay layer that we think is sonehow associated with the
Pavits Spring that thickens over our Washburn Well that we
put it. It was only seven feet thick. As you nove eastward,
it gets thicker and thicker and thicker. By the tinme you get
over here to 5-S, it was 450 feet thick

Well, in the Lathrop Wlls area, there's different
types of wells. If it's an individual living in a trailer up
there that only needs five gallons a mnute 20 m nutes a day,
he can get by with a 500 foot deep well that just penetrates
the alluvium above the clay. |If it's a comercial operation,

they need nore water, they have to bite the bullet and they

have to drill a well, in the case of Fort Amargosa, the new
devel opment up there, it's a 1280 foot deep well. So they've
gone through and they penetrate the alluvium above the clay,

some sands and gravels within the clay, and then they get
beneath it and produce out of there, too.

So our punmping well is over here diagrammatically
shown, that as we punped it, we wanted to determ ne what the
response was in each one of these zones. Amazingly, we saw a
response in our own observation wells in both Washburn and 5-
S. Before we started, we had to figure out where we're going
to spend our resources, where we're going to put our

transducers and data | oggers, and so on. So Dr. Montazer did
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sonme anal ytical nodeling, and based on that, we thought,
well, we'll have this nuch drawdown after this nuch tine
this far out. W got in there and started punping it and,
well, we found out that first of all, we could get nore water
than we thought, 1300 gallons a mnute with 125 feet of draw
down, and that those inpacts went nuch further than we
t hought that they would. And it wasn't higher
transm ssivity. It looks |like sonme real conplications in the
storativity out there.

We generated a | ot of data when they're processed.
Analyzing it now, and it's going to take some tine to do
that. Again, the purpose of doing this test is sinply to
design the long-termtest.

Moving on to water chem stry, all we've got right
now are prelimnary results. They're starting to filter in.
We've got conpleted results for the first water. During
drilling when we hit water, we inmmedi ately stopped drilling
operations and called the geochem st to conme out and sanpl e.
That included scientists fromthe National Labs, it included
the USGS scientists, it included our own Dr. Don Shettl that
woul d come out and coll ect sanples.

Then we did, after our wells were conpleted, nore
extensive sanpling in May where we had our individual zones,
we went in and sanpled those. W don't have those results

yet. Therefore, | bring your attention to the statenent at
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the bottom "Don't try to make too nmuch out of this until we
have those results in."

But in a nutshell, there's our prelimnary results
plotted on a Piper diagram Now, what | did here is |
plotted our results and the USGS results for the sane wells.

Good news. W got the sane results. W're up here at site
one, the USGS data plot is right up with ours. Sane thing at
3-D, and so on. So we feel very confortable that we're
generating simlar results, and that neans that down the road
we can kind of divvy up who's doing what, and not have to do
so nmuch replication

Then | plotted sone data from some of the published
literature, primarily Benson and MKinley, where they had
| ooked at water chemi stry in the repository area at H1, H 3,
P-1 and then sone in Crater Flat. Well, | ook where P-1 plots
up. P-1, if you'll renmenber, is a well that penetrates al
t he vol canics and gets down into the carbonate aquifer.
Chemcally, it is alnost identical to what we're seeing at 1-
D. W think that's kind of interesting.

We've got an outlyer up here, which is 5-S, it's
geographically the furthest |ocated, and it's conplicated
because it was the old sanple and it may not be
representative of the groundwater. W have to take a | ook at
that and see. W've got sonme additional work to do to

devel op that well before we feel that it's really going to be
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giving us a representative sanple.

3-D, we show sone separation between the USGS
result here and our sanple, and what that separation is is
the difference between a punped sanpl e down here com ng out
of the entire borehole, versus our first water sanple here of
dirty, crummy water that you bail out of the open borehole.

The water chem stry for J-12 and Jackass Flats is
just like 2-D and 9-S, and again, the P-1 to us is quite
signi ficant because that tells us we've got water com ng up
from the carbonat es.

kay, let's talk a little bit about this hot water.

First, there's some limtations, and we have to take these
[imtations into consideration, so we don't try to nake too
much out of it just yet. Yes, we do see steep tenperature
profiles. Those were done w th geophysical | ogging,
tenperature |logging in an open borehole. So direct
conparison with what you see in the published literature is

difficult because those were done in cased borehol es.

But we can make sonme basic observations. First of
all, we're seeing significantly higher thermal gradients in
the vicinity of 1-D and 3-D. Wen we |ook with the strontium

data, it suggests that these thermal signatures may not be
reflecting a single source. Strontium the highest strontium
values in the region were found at 1-D. The second hi ghest

strontiumvalues in the region were found at P-1. W think
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that's a good piece of evidence there.

Over at 1-D, we think we have a really significant
contribution fromthe carbonate aquifer. W' ve got high
tenperature and high strontium Over at 3-D, we're seeing
strontium and high tenperature, but it's a steeper gradient.

It's lower tenperature overall, and it's |ower strontium
So we're either getting less of a contribution, or it's being
buf fered because we've got to get that water through a couple
t housand nore feet of sedinents before we can get it up to
where we're sanpling. And then finally the ganma spi ke at 3-
D may be providing additional clues.

So here's apples to oranges. | took the work out
of sone of the old Yucca Mountain studies and | plotted up
t he boundi ng values for those, and it turns out that H4, P-1
general ly bound the range of tenperature profiles that were
found and were reported in the literature. | sinply plotted
on top of this the results of our geophysical |ogs. So bear
in mnd this log here, while the profile is probably pretty
good, it mght translate back that way when we go back and do
it in a cased hole. But as you can see, we have nuch steeper
gradients than we've ever seen anywhere out there, and we've
got sone real breaks in things.

Were we get a big change in gradient |ike there,
there and there, we can correlate those with our caliper |ogs

and say, well, this is where the fractures are. And that's
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why we went in and put West Bay conpletion specifically at
t hose zones, so we'll be able to conme back now and get
chem stry for those and be able to nonitor pressure and
tenperature over a |onger period of tine.

And | said the ganmma spi ke was ki nd of interesting,
and we spent sone tinme working with that because we like to
know. The top figure shows what it |ooks Iike on the
geophysical log, just this huge spike in the ganma log. It
fried out the neutron |log and every nuclear |og, we got a
simlar response. So we decided we'd better take sone tine
and |l ook at this, so the first thing we did was rerun the
|l ogs to make sure that it was real. Well, it was real. It
showed up on all of them

We had our petrographer, Dr. Mrgenstein at
Ber kel ey, do some detail ed evaluations of it, and then we're
| ooking at it in terms of the water chem stry, too. Based on
our prelimnary results, here's the observations that we can
make.

It occurs over a very tight horizon. Down here
bel ow, we've blown it up. And you can see the spike cones in
at a very short interval here from495 to 507 feet. It's
near the base of a thick volcanic unit, which is probably
Bull Frog Tuff, that's what the M&O stratigrapher said it
probably is, and it's a the black ash flow tuff. 1It's kind

of significant because we were logging a |ot of holes out
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there. This is the only place where we recorded the col or
bl ack, innate on the Minsel scale.

The petrography work says that there's a nagnetic--
t hey went through and they | ooked at the nmagnetic
susceptibility over a nmuch larger interval, and they found
that it coincides, the highest magnetic susceptibility
coincides with that gamma spi ke and is probably related to
hematite.

Well, that's interesting and we'll get to that.
The peak uranium activity al so coincides with the gamma
spi ke. There is no potassiumor thorium spike, so that says
we' re | ooking at uranium

We got pyrite present through the entire interval
of this Pavits Spring, and that tells ne that it was
deposited in a reducing environment. So our petrographer
cones back and says, well, yeah, you' ve got pyrite present

for the entire interval, but you al so have abundant iron

hydr oxi des and oxi des, geothite, linonite and | ocally
magnetite. Well, then says it's obvious you have pyrite and
magnetite, that you have a situation with thernodynam c

di sequi librium

Well, I'"'mthe guy at Arizona that used to run
screanm ng down the hall when they pulled out the phase
di agranms in petrology, but Dr. Morgenstein, so | believe him

We don't know what the uranium m neralogy is yet, but he's
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going to be taking a detailed |ook at that, because we really
want to know.

And anot her interesting observation is although
this well has an el evated tenperature profile, the gama
spi ke coincides with the | owest tenperature in the borehole.

So based on that, we scratched our heads, we did a little

specul ation, and we said, well, how can we get that gamm
spi ke up there in that uranium and we cane up with a very
sinple four step process.

We know t hat we've got a sender com ng out there,
SO we're saying injection of magic magme, it's comng up a
di ke feeding the Lathrop Wells. That's step one. Step two
is you have a pul se of uraniumenriched water that's noving
upward t hrough the Pavits Spring to the base of the overlying
vol cani cs.

Now, we don't know, we don't think that the uranium
canme out of the carbonates, because it wouldn't be a source.

It would have to be the volcanics. So hot water com ng out

of the carbonates probably | eached the uraniumout of the
| oner portions of the vol canic sequence, and then they
brought it up until they hit this one reactive bed. So
you' ve got the groundwater that's oxidizing the iron in the
vol canics. That's what gives us our coexistence of the
pyrites and the iron oxides in this reactive bed, and then

the uraniumis deposited in the | ower volcanics as a front at
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t he chem cal boundary.

O her observations are that the tenperature profile
that we see now may be a remmant of what was a nuch steeper
profile associated with the volcano. The |ower strontium
val ues suggest that upwelling of hydrothermal water fromthe
carbonate aquifer is not as likely, or maybe not in the sane
order of magnitude.

We're going to be doing additional work with that,

addi ti onal petrographic studies to determ ne exactly what

uranium mnerals we're looking at. W're going to be
collecting water sanples fromthe two zones--well, we already
didit in 3-S. The results are pending, and one of those

zones is located right there.

So what's next? On the issue of hot water, is
we're going to evaluate the results fromthe May 1999
sanpling effort when they cone in. W'Ill be taking a | ook at
sodi um potassium silica geothernoneters to see what sense we
can nmake out of it. But what we really want to see is the
strontiumprofiles onit. W want to see that verti cal
segregation to see, at P-1 where we had previously the
hi ghest strontium concentrations, they increased a lot with
depth and we want to see are we going to have that sanme sort
of increase with depth, because that tells us we' ve got water
com ng up fromthe carbonates.

We're going to go in and we're going to log the
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casing strings at 1-D. So we'll use our existing Wst Bay
tenperature probe, go in and log that, and that will allow us
to make an apples to apples conparison between the | ogs that
we' ve got and the published literatures.

And any suggestions, | nmean if sonebody thinks
there's sonething we should do, if there's sonething you want
to do, we've got a borehole, you're welcone to cone play in
it.

kay, Phase 2 plans. W' ve done a |ot of thinking.

We're | ooking. W had a postnmortemon our drilling earlier
this nmonth to | ook at ways that we could do things better, to
get better data, and to make sure that where we're drilling
is at the best |ocations.

We've got a 2500 foot deep borehole sitting out
there at 3-D, and we still haven't hit the carbonate
aquifers. This hot water threw us for a |loop for two basic
reasons. The West Bay equi pnent that we'd al ready purchased
doesn't function over 40 degrees C. They will not certify
it. So, therefore, once we got over 40 degrees, we can't use
t he equi pnment we've got. W've got to go with stainless
steel, and it's a lot nore noney and we didn't have it.

So we said, okay, we'll leave this. W're going to
have a deeper--oh, the other thing was the drilling
[imtations. Wen we got down to 2500 feet, the Orings

started heating up and they started blowi ng Orings and
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seals, so we had equi pnent failure, and the driller was ready
to--you know, one day | said, well, can't we go to 2700, and
the driller is wanting to pack his suitcase and get out. So
we're going to get a deeper capacity rig out there with the
capability of going 6000 feet. W're going to take 3-D down
deeper.

We are hoping that we will hit the carbonate
aquifer. W can't guarantee it because we don't know how
deep it is. W know that we do need that point so the
geophysicist can go in and we'll have two points in the
carbonates. W want to give thema third so they can
triangul ate and reprocess all their data, and give us a
real ly good top of pal eozoic surface.

kay, we want to obtain a deeper tenperature
profile to see what happens at depth in that borehole, and
collect as many vertically distributed sanples as we possibly
can for chem cal analysis.

We're going to do a longer term higher discharge
aquifer test at the Jackass Aeropark well. W' ve spoken with
the lady and she'll allow us to cone in after the grow ng
season, and we can go in and punp it as long as we want. Qur
intent here, we're going to go in and anal yze the data we got
fromthe prelimnary test. W got two different sides. Qur
reservoir engi neer says, well, you mght not really have to

punp it any nore, you mght just have to punp it |onger.



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

406

And I"'mfromthe old school of hydrology, nore is
al ways better, so we'll sit down and we'll plug in real
values in our analytical nodels, and it will tell us if we
need to punp it for five days, seven days, ten days, 30 days,
whatever it is, because we have to get our permts fromthe
State and our discharge permt, and so on, and our waiver
fromDWR. It's all doable, but we just have to do sone nore
anal ysi s.

We're going to change the test well that was
pl anned at 4-D at half a mllion bucks to a couple of
pei zoneters, one set above the clay and one set bel ow the
clay. So for $40,000, we've just gotten the sanme information
as having to spend half a mllion before.

We're going to change 12-S froma nonitoring well
to atest well. 12-Sis in the vicinity of the old Rosie's
well, just on the other side of H ghway 95 in the vicinity of
1-D, 9-S and 3-D. And based on our results, we want to know
if we go on the Valley side of the Carrara Fault system and
start punping the water, are we going to get |eakage across
that fault. So we plan to do a test there.

We're going to investigate the spring deposits,
aquifers and water levels in Crater Flat. At 7-S, we see an
anal ogous situation there where we al so have pal eospring
deposits. W were really surprised at 1-D. Wen we did our

wor k, we thought we'd hit water at 330 feet below | and
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surface, because that's what all the regional data said. W
got out there and hit water at 50 feet, so we knew

i mredi ately sonething is going on here, and we got the
feeling that the hydrostrati graphy was such that the water is
flowi ng through the system it hits this big thick plug of
Pavits Springs, it can't go through it as fast, so it stacks
up behind it.

We think we may be seeing the same thing at 7-S, so
we want to go in there and see just exactly how deep is the
water there. So we wanted to find the depth water in the
pal eodi scharge area, and we wanted to find gradients in part
of Crater Flat. Now, the reason | say part of Crater Flat,
it again gets into this thing of how nuch do you need to
drill to start defining things. Wen we drilled at 1-D, we
got surprised. The water table is a | ot higher than we
expected it to be.

well, if we go and drill at 7-S, we may find
sonmething different, but we can't correlate between 7-S and
1-D. We can't just sinply take the heads and say this is the
gradi ent, because they may not be related. W' ve got a big
structure, a big linanment between 7-S and 1-D, so we may have
totally separate hydraulic gradients representing different
conpartments within the aquifer

And we're going to do additional deep and

intermediate drilling. R ght now, we're planning on doing
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four additional deep wells, 6-D, 12-D, 15-D and 20-D. Those
are all distributed in the |ower end to give us nore
i nformati on down towards our receptors. And internediate
drilling depths at 7-S, and we're going to start working our
way up Fortym | e Wash

So that's a real quick overview OCh, one other
thing. Sone of the stuff | showed today is not available in
t he handouts. | hope all of the Board nenbers got copies of
t he handouts fromthe field trip. |If so, you ve got
everything. W've got a |limted nunber and we have to
prioritize themfor the state, the effective units of |oca
governnent, and the public. Conme see ne afterwards, and
we'll get you sets. Anybody else, talk to Nick and we'll get
you copies of them Thanks.

RUNNELLS: Thank you, Tom You covered a huge anount of
material in a very short tine, and I'mgoing to steal the
first question.

Your comment on the fact that the water

tenperatures show a nmuch steeper gradi ent than anywhere el se

around here, | think you said, when you | ook at your chart,
it's about 20 degrees Centigrade, it's about 20 degrees per
kil onmeter of gradient. Wat is normal for around here? Wy

does that amount surprise you relative to other |ocations?
BUQOD Well, you know, the nore | read, the nore

wonder nyself, and the reason | said higher is because |I'm
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| ooking at the results for Yucca Mountain. But then Bil

Dudl ey in Col orado was nice enough to send ne this work he'd
been doing, and then | see, well, actually we're sitting
there in this one geothermal low in the area, and now maybe
this may not be as anonmal ous, and it may be a situation where
it's anomal ous with respect to Yucca Mouwuntain, but we're
outside that low now, and it's not anomal ous for the part of
the geothermal regine we're in there.

RUNNELLS: Yeah, because it doesn't strike nme as an
out rageous geot hermal gradi ent by any nmeans for this part of
the world. Thank you.

O her questions fromthe Board? Debra Knopman?

KNOPMAN:  Knoprman, Board. |If noney were no object, and
you had the ability to drill another 10 to 20 wells, where
woul d you put them and why?

BUQOD Well, | would start putting wells in the vicinity
of the wells that we've already got to define gradients,
because, you know, in an exploration programof this nature,
you dig up nore questions than you answer. So we found the

depth of water over here was 50 feet, and the potentionetric

el evation is 786 neters. Well, our contour says it should be
700 nmeters. | want nore definition right in here so that I
know what the gradient is fromthis point into Arargosa

Val | ey, because | want to calculate the flux of groundwater

that's going through this part of the system
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If I come back up here to 7-S and punch in a hol e,
which we plan to do, | can't use that reliably to get ny
gradient. 1'd have to have additional wells around 7-S. So
if nmoney were no object, I'd want nore definition of the
gradients right off the bat. Deeper wells would be the other
t hing, and nore testing.

Now, we have |ogistical problens that if noney were
no problem in talking with the USGS, these wells that we've
got going up Fortym |e Wash, they would prefer to see those
on the west side of Fortymle Wash. And their point is very
wel | taken, and we're going to take a | ook at that, but
there's the realities of things. There's no roads out in
this part of the test site, so that nmeans we're going to have
to get in there and bull doze a road to get to sone of these
sites. W have to get a |lot nore environnmental clearances
and that sort of thing, and the cost of doing business on the

test siteis alittle nore than it is doing it off of the

test site.

So we certainly want to put nore wells in the
vicinity of Fortym |e Wash because we still believe this is
our nunber one pathway to get anything fromthe repository to

our receptor popul ations down here in Amargosa Valley. The
fact that we found high water in this area suggests to ne
that that is acting as a hydraulic barrier, that we're not

going to be getting any contribution. That was one of our
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concerns, all these faults sitting in here going like this
and this, that we could be getting sonme conmuni cation through
that area. But if the water table here is higher than here,
we're not going to be getting that conmunication. That
forces us here and says we should be spending nore tinme over
her e.

RUNNELLS: One | ast quick question fromPriscilla
Nel son.

NELSON: Nel son, Board. |'ve got two. One is real
qui ck. Does it nmake any sense or can you or do you have
plans to do anything with age dating of the water? G ven the
difficulty in conpleting the wells and everything else, is
t here any- -

BUQD: No and no. W' re not going to be doing age
dating, but the USGS is, | believe. Zel, are you guys goi ng
to be age dating this water?

PETERVAN:  Yes.

BUQO  Yes.

NELSON: Ckay. And just the end of that, you' ve got a
| ot of people doing a ot of different things on the water
com ng out of here.

BUQO  Yes.

NELSON: Who's in charge of integrating all of that?

BUQD Fromthe Nye County point of view, N ck and I

NELSON: Right. But you're producing data, USGS is
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produci ng data, other people are producing data. W's in
charge of pulling that all together in your m nd?

BUQD Well, in ny mnd, each organi zation has their own
principal investigator, and Zel and | talk and | assune he's
taking the lead with respect to the USGS, and their
capability of doing geochem cal analysis is superior to
anybody. So they're going to look at it fromtheir
perspective, and they' Il do their interpretations. W | ook
at it froma different perspective, and we may cone up with
sonething different. Well, then we can sit down with the
same data and tal k back and forth and see who's right, who's
wong. In sone cases, both of us may be right, and in other
cases, it may just point to the need for additional data
collection, that we can't resolve it, and in other cases, it
may be that we're clearly both w ong.

DI XON:  Paul Dixon. Zel Peterman and June Fabryka-

Martin are doing a joint AVR on the geochem stry issues in

the UZ and SZ, and that AMR will incorporate this information
in the revs as they go up. So as the information cones in
collected, at least within the MO, affected organi zations

and the interpretations of the data collected from Nye County
that the M&O uses, that will be incorporated in those AVRs
and used in the PMRs in the future. So the integration wll
conme through the AMVRS.

RUNNELLS: [I'mafraid we're going to have to term nate
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this. I'msorry, sir.

SHELL: Just one qui ck conment.

BUQO. He's our geochem st.

RUNNELLS: Ckay.

SHELL: Don Shell from Nye County. W are running
Chl orine 36 and radi ocarbon anal yses on our sanples. So we
will be getting into sonme age dati ng.

RUNNELLS: Thank you very nuch. |1'msure there are
many, many questions. Please grab Tom separately and chat
with him because we do have to nove al ong.

Qur next presentation is by Paul D xon, who just
had a short coment here a nonent ago. And he's going to
gi ve us an overview and a summary of the work being done on
Chlorine 36, Chloride data and other issues related to

hydrol ogi ¢ fl ow and hydrol ogi ¢ pat hways. Paul ?

DI XON: | guess where I'll start today with everybody is
that the work that |'m presenting here today, |'m
representing the work being done by June Fabryka-Martin and

her team of col |l eagues working on Chlorine 36 and Chl ori de

mass bal ance.

This is the first slide here. One of the purposes
and kind of just a general overview, and I'll skip over a few
slides and just nove along, since | have a short time period

here, one of the things I want to |look at here is the whole

pur pose of the Chlorine 36 study and the chloride nass
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bal ance study as they stand nowis to try to understand fl ow
rates and pat hways. And the reason for wanting to

under standing sone of this in the nountain overall is that

t hese pat hways may becone potential seeps in the future under
different climatic conditions, so we're trying to understand
how wat er noves through the nountain.

The objectives here, the project has conceptual
nodels and is trying to help constrain sone of those
conceptual nodels on UZ flow and transport, based on
measur enents and sinul ations using Chlorine 36 and chl ori de.

You guys can read through the specific objectives here at
your own |l eisure, but there's a list of things that she's
trying to address here.

The approach here is to try to develop a pretty
extensive dataset of Chlorine 36 and Chl ori de porewater
concentrations for the Uz, fromESF, cross drift, as well as
surface based boreholes. Then having gotten this
information, use the detailed structural and petrol ogic
characterization at each sanpling site to try to put this
into sone sort of a geologic context. And that's why on the
cover slide, you see there's a team of people that work on
this, people from USGS, nodelers, and the infiltration
peopl e.

And that's really the key to what | think is making

this study inportant, is that it integrates a |lot of the
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di fferent disciplines and gives you an answer that is not
just looking at the Chlorine 36, but it's integrating it with
a lot of other parts of the program

And then to try to test the nodels through
simul ations of Chlorine 36 transport, using our nost current
infiltration geol ogic nodels and hydrol ogi c paraneter sets.
And then, finally, try to test once you have these concept ual
nodel s, | ooking at sonme of the predictions we've done in the
cross drift.

This is just kind of a background slide for some of
t he new nenbers on the Board and ot her people, just to kind
of give you a background on where we are.

And this, again, is just another one of those for
peopl e for background, and | don't need to spend tine with
t hem ri ght now

To date, right now, sanpling in the ESF and cross
drift excavated beneath Yucca Muuntain, we have al nost 250
sanpl es that have been anal yzed for Chlorine 36. 13 per cent
of those have an el evated Chlorine 36/ Chloride ratio, and
we'll talk about that in a few mnutes. And 40 sanples to
the end of this last nonth have been neasured for chloride
por ewat er .

Just a rem nder, the bonb-pulse Chlorine 36 is a
fortuitous tracer and it's one of the sinplest ways that we

have right now of identifying pathways where water has



416

travelled in the | ast 50 years, at |least to the depth of
either the cross drift or the ESF.

For some of you, this has old data, it's got a
little bit of new data on here because June has put sone of
her porewater data on here. This is a review of all the data
along the ESF for Chlorine 36. And in general, you see nost
of the data falls within the blue band, or slightly belowit.

There are el evated val ues above what we consider to be an
estimated nmeteoric signal over the |ast 50,000 years.

What June is trying to do and has done, |I'Ill show
you in the next several slides, has done a statistical
anal ysis of this dataset nowthat it's this large, to try to
break it into what are the conponents and can you define in a
m xi ng nodel to give you an idea of how these conponents
break out. Note that the porewater shown in the little solid
boxes there that are larger, tend to be in fairly good
agreenment wth what we' ve been neasuring out of the rocks to
this point in tinme.

This is the statistical analysis that June has one
of the statisticians at Los Al anbs working on, basically
| ooking at the distribution of the Chlorine 36. Here, this
is the roughly 250 sanples. You can see that you have a | ong
right tail that's well above background here, and val ues
here. You seemto have a binodal central distribution, and

then you have a small fraction of values at the | ower end
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here. So the object was was to try to see how you could
break this up statistically.

If you |l ook at what's been done to date, we know
that the mddle part of this curve is a conbination of
Hol ocene and Pl ei stocene signals. Mtch Plunmer, who did
pack rat m ddens down at Sequoro, has actually supplied what
sonme of that curve would | ook |ike over the past 40, 000
years, 50,000 years. We know we have a decayed signal where
you have decayed Chlorine 36 and a bonb-pul se data. You can
actually put together a m xi ng nodel where you can break up
these different conponents and it actually fits the data
extrenely well.

And on the next slide here, this is just to kind of
gi ve you, |ooking down the ESF at this point in tinme, to kind
of give you an idea of how that different conponents break
out as you go down the tunnel. And what you'll notice is
that as you get down further in the tunnel, as you cone into
the south ranp, you'll notice you see a | ot nore decayed
values. And this is evidence that you have very sl ow
groundwater travel times in this area, and as | go through
the further parts of this talk, this is backed up by sone of
the chloride mass bal ance data, and it's al so backed up by
the nmore current infiltration nodels. And by and large, this
is related to alluvial cover in the south ranp where you're

not getting water into the rocks, even though you have a
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t hi nner PTn at that region.

There's been in the past a ot of criticism about
whet her the el evated signals are actually truly related to
bonb- pul se and things. W do have the validation study going
on with the USGS right now. Lawence Livernore Laboratory
will be | ooking at, as Mark said, Technetium 99. Purdue w ||
be redoing sonme of the Chlorine 36, and they're also going to
try to l ook at lodine 129 in these.

In one area where we do have coeval data that's
been neasured in the past, | just want to show an exanple
here of, is the fact that in places where we do see el evated
tritium we also see elevated Chlorine 36 in the tunnel,
which is a very, fromny perspective, a very good indication

that we are | ooking at true bonb-pul se getting down to this

| evel of the horizon, and it's not some other process.

To date, this is the prelimnary data that June has
to date on the cross drift. | don't know if you guys have
seen this yet or not. Bottomline is that she has nore

sanpl es extracted and ready to analyze, but at this point in
time, funding has been stuck towards getting AVMRs and ot her
things right now rather than spending it on analysis of
sanples in the short-termhere as we try to get these reports
and data qualifications done.

But what's interesting here is that as you go al ong

the cross drift, in general, you don't see nuch of an effect
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of things |like the Sundance and stuff at this point in tine,
but where you get out here where the TSw is exposed and
you're out by the Solitario Canyon, you notice that you start
seeing extrenely high values of Chlorine 36, nmeaning that the
PTn does play a major role in this, and where you don't have
the PTn covering, you have exposed Topopah Springs. Wter
gets down to this level very, very quickly in the system

You guys have all probably gone through this once,
but 1'Il go back through it again. The conceptual nodel
right now for getting water down to the tunnel is based on
the fact that you have a continuous structural pathway from
the surface to the depth of the tunnel, be it the ESF or the
cross drift.

The magni tude of surface infiltration nust be
sufficiently high to initiate and sustain at |east a small
conponent of fracture flow And the tests from Al cove 1 kind
of give you sone indication that you' ve got to have fairly
high rates along certain saturated pathways to get water to
conme down the system or even get it to drip. So that's kind
of --you start to get sone idea that you' ve got to have
wetting pat hways and you' ve got to have a high infiltration
rate that's concentrated for sone period of tinme.

And the last thing is that the alluvial cover has
to be thin enough so that the residence tine in that is

probably | ess than 50 years. Qherw se, you're not going to
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see this. So as the alluvial cover becones thicker, and in
general this is probably |ess than a neter of alluvial cover,
and you al so have to, if you have thin alluvial cover, you

al so have to have elevated infiltration on top of that. So
it's a conbination of these factors, not one or the other,
that makes this happen, but it's the conbination of all three
factors in series.

Andy Wbl f sberg, you guys have seen this in the
past, people have always wanted to know can you get a handl e
on what the infiltration m ght be based on the Chlorine 36.
Well, one of the ways you can do that is you can take your
conceptual nodel and you can say at different infiltration
rates, when could I, with this conceptual nodel, get bonb-
pul se Chlorine 36 down to the level of the tunnel. And what
you notice is that at lowinfiltration rates of .1 or so,
even with a fault in the system continuous fault all the way
in the system you can't get Chlorine 36 down to the |evel of
a place like the ESF.

But on the other hand, at higher infiltration
rates, where the mninmmcase here is 5 and above five it
becones easier, but at a mninumcase of 5 mllineters per
year, it isn't until you put a fault into the system or a
conti nuous pat hway, even if you have high infiltration and
thin alluvial cover, that you can get Chlorine 36 down to the

| evel of the tunnel.
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So you can start to bound with Chlorine 36 what the
infiltration m ght be. You can say definitively, but you can
start to put bounds on where you mght be with that, so you
can get a bounding information.

What I'd like to do nowis talk about the chloride
mass bal ance nmethod, and | will apologize that this equal
sign is supposed to be a tinmes here. That was a typo |
didn't catch before you guys got it, so everybody who's out
in the audi ence, please nmake that a tines. That's ny fault.

What the chloride mass bal ance net hod basically
says is that infiltration, concentration of salts in the
infiltrating water is equal to precipitation tines the
concentration of salt in the precipitation, divided by the
concentration of salt you nmeasure in the porewater. So if
you want infiltration to equal precipitation, all you say is
that concentration of the precipitation is what you neasure
in the salt. But as you get evaporation and you | ose water
into the system concentration of the salt here increases
and, therefore, the infiltration, the amount of infiltration
decreases as you head into that.

So as you get higher and hi gher salt
concentrations, the amount of infiltration becones |ess and
less. So by using this nmethod, you can get a direct
indication of what the infiltration rate is. Now, there are

| ots of caveats and other things that go into this nethod,
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but by and large as a first cut, this is a pretty
straightforward way of |ooking at infiltration, and it's
probably one of the best nethods that we have at this tine to
try to address it directly fromwhat we're neasuring in the
field.

In the cross drift right now, we have neasured
val ues of chlorides fromthe porewaters, and then we have
calculated fromthe surface infiltration nodel, what is the
chl oride concentrations you would predict fromthat.

By and | arge, you had fairly good agreenent here.
And as a first cut through this, there are places where you
don't have agreenent, and then we're | ooking into those
things right now as they interpret the data to what we see.

The estimated infiltration rates above the cross
drift, if we |look at what the calculated infiltration rate is
baseed on chloride concentrations, that's what's shown here
in squares, and then the predicted. So in other words, when
we went in before we did the cross drift, we did a series of
predi ctions of what we thought it would be, and then we went
back in and nmeasured chloride concentrations, and cal cul ated
an infiltration rate. And you can see that there's fairly
good agreenent, again, with the exception of those several
sanples in that one area there, which are under
interpretation right now, and not fully understood.

So overall, the nodel that's been generated right
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now for infiltration and stuff appears to be fairly
representative at this point intinme to what we're able to
nmeasure in the field fromchloride concentrations.

Chl ori de porewater concentrations fromthe ESF are
shown here versus chloride concentrations predicted using the
site scale transport nodel. Wat you see is there's fairly
good agreenent along here, until you get down to the south
ranp. And as you renenber before when we | ooked at the
Chlorine 36 in the south ranp, it showed decayed val ues. And
what we're seeing here is that our current nodels here for
predicting this are not doing it correctly, because we
probably have the infiltration wong in this systemand the
current nodels as they stand, and we have to adjust the
anmount of infiltration we have in that system because we're
seei ng much, much el evated chloride concentrations. W're
seei ng decayed Chlorine 36, all indicative that we have very,
very slow travel tines fromthe surface down to the |evel of
the ESF in the south ranp of this region. Both of these
pi eces of information conbi ned say the sane thing.

If we go back in and we do sone tweaking on the
infiltration nodel based on what we know, and we | ook at what
we would predict for infiltration versus what we cal cul ate
fromthe chlorides, this is what we actually get here, and
you actually get a nmuch better fit when you start to change

the amount of infiltration you get in the south ranp, based
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on the val ues that we have.

And, finally, summary and conclusions. | think for
me it was kind of exciting to see that you can actually fit
the data for the Chlorine 36 very well with the four
conponent m xi ng nodel, based on Hal ocene, Pl eistocene, bonb-
pul se and then decayed signal, and it's amazing how wel |l that
fit in the four conponent m xing nodel.

The bonb- pul se observations are correlated with
faults in the northern ESF, and that's basically based on the
di stribution of ratios in the ESF and cross drift, and is
supported by elevated pH levels in several deep borehol es and
in two ESF al coves, as well as we have limted Technetium 99
nmeasurenents that | did when | was at Los Al anps for June,
whi ch are al so supported with this, although at this point in
time, June is holding those out until we get the val ues out
of Livernore before we conbine everything together.

The average flux at Yucca Mouwuntain is probably
higher than 1 mllimeter a year, but nost likely in the range
of 1 to 10, based on the data that we see here today, and
that's really based a | ot on the chloride porewater
concentrations.

Model simulations of faults with increase PTn
fracture perneability yield |ocal fast pathways fromthe
surface to the ESF, in conmbination with high infiltration and

| ow al luvial cover thickness, or thin alluvial cover
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t hi ckness.

And there appears to be a | arge danpening in the PTn of
spatial and tenporal variations by and |large. So the PTn
acts kind of as sonmething that has a hysteresis effect on the
signals we're seeing. |If you take that into account, you can
see the signal cone out the other end.

And t he di screpancy between nodel and observed
Chlorine 36/chloride ratios that we saw on sonme of the things
here may be due to the fact, as | pointed out, we have
variations--you know, we have an incorrect infiltration rate,
and these appear to be supported by the chloride nass bal ance
met hod, as | pointed out, and there may be nore lateral flow
in the systemthan we're able to account for, because the
chl ori de mass bal ance net hod assunes a vertical flow through
the system And if you have nore lateral tinme, nore | ateral
transport in the systemright now, you' re going to see |onger
travel tines.

And I'lIl stop there and entertain questions.

RUNNELLS: Thank you, Paul. | appreciate you putting
the preparation in to finish that nuch material in al nost
exactly 15 mnutes. Priscilla Nelson

NELSON: Nel son, Board. |'mnot sure | understand the
di fference between the data referred to first of all in
Figure 8, which refers to rock sanples and porewater sanple.

Can you explain the different kinds of sanples and what your
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expectation was in having two separate kinds of sanples?
DIXON: Initially, all the sanples that were collected
in the ESF were rock sanples that were taken back, crushed in
size, and then | eached for Chlorine 36. June has gone back
into those sanme areas, taken sanples of rock, put themin the
centrifuge, the ultra-centrifuge, UFA, and has spun out
wat er, taken that water out w thout doing the |eaching, but
taken the water concentrate out, and then neasured that for
Chlorine 36 to see if there was a difference, to see if there
was sonething in the process that she was doing in the
| eachi ng process that may have been causing a problem or may
have led to erroneous Chlorine 36 results.

So the difference between the porewater and the
rock sanples is one is just a leach on the bulk rock; the
other one is actually water extracted fromthe rock,
porewat er extracted fromthe rock, where all you do is do a
concentration on that, and then neasure the Chlorine 36 just
to |l ook at commonalities between the two to make sure there's
not a problemw th the nethodol ogy that she was used to date,
because there had been sone questions of whether the
nmet hodol ogy that was being used could | ead to erroneous
results, or spurious results.

NELSON: So one of these is not going to be nore likely
to show matrix content as opposed to fracture flow path,

fracture wall content?
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DI XON: In general, if you think about what you're
spi nning out of the porewater, is the matrix water at that
point. So you're |looking at a matrix water fromthe
porewat er extractions. Were you take the bul k sanpl es,
you're | ooking at nore of a surface coating, plus the matrix.

You get a conbination of the two, Priscilla.

And so, in general, it's harder to pull out | would
say a true fracture conponent fromthe porewater unless you
have a sanple that's along a fracture surface, and sone of
that salt gets |eached fromthe water as it cones out.

NELSON: So you woul d expect, if anything, that the rock
sanpl es woul d show nore peaks on Chlorine 36 than would the
por ewat er ?

DI XON:  Yes, | would, and considering the anmount of
matrix pernmeability you have in the Topopah and the anmount of
fracture matrix interaction you have, that would be strongly
i ndi cated to ne.

RUNNELLS: Question from Al berto Sagiés?

SAGUES: Yes, |I'msure that |'mnot the first one that
asks this kind of question, but one of the conclusions that
you indicated is that the bonb pul se observations are
correlated wwth faults in the northern ESF, and | presune
that that goes through the data in Figure 8.

DI XON:  Yes.

SAGUES: But, you know, if one |ooks at that figure
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wi thout really being very nuch involved with this issue,
woul d say, gee, you know, there seens to be quite a bit of
data over the estimated range of signal for the Sundance
Fault, and there seens to be about five data points for the
Drill Hole Wash Fault indication, and then nost of the other
areas | see probably as many instances of high signals away
fromfaults than closer to faults. So really, it seens to
boil down alnost like just two cases for which there seens to
be what appears to be, you know, to the casual observer, a
somewhat convi nci ng- -

DIXON: 1'l1l start there with not all faults are
pat hways. Some faults are barriers. So the presence of a
fault in and of itself does not necessitate a fast pathway.
And, in fact, you see that. As you start down here, you have
the Bow Ridge Fault. That shows you have an indication of a
| arge fault, and you see Chlorine 36 init. You have Drill
Hol e, Di abol us, Sundance, and within the Ghost Dance, as you
notice, the background droppi ng down here, you do start to
see values elevating out in this region. And if you | ook at
the anal ysis, these points in here actually do, when you do a
statistical analysis, pop out as being anomal ous fromthe
background, because you do have a shifting background in the
Chlorine 36 rates as you go through the ESF, and that really
has to do with the infiltration and the residence tine of

surface water heading into the system
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Now, there are places where you have el evated
signals outside of that. Understand that once you get
t hrough the PTn, there's such a fracture matrix network
wi thin the Topopah, you would expect it to likely come down
with faults throughout the PTn, but that does not necessitate
that it would have to be in that region. You can have a
spreading. | mean, you could have a fracture network, a | ow
angle fault in the Topopah that's in unit fault that could
drive things. Sonething could come down the Sundance and be
driven over here, or Ghost Dance and be driven that way, or
ot her faults.

So the fracture network within the Topopah coul d
drive fluids a lot of different directions, Al berto. But |

agree by and large there appears to be a structural control

on a lot of this. |In sone places, you don't have the direct
I i nkage of the structural control, and that just has to do
wi th our |lack of know edge of how actually water flows

t hrough the Topopah. And | think when you saw the niche
studi es, you saw that there was the close matrix flow in the
t hing, and then you saw that there was a high angle fault
that noved the water in different direction when they | ooked
at the seepage studies into the niches.

| assune by and large that on |arger structures and
| arger things, you're going to see that sort of behavior,

where you have a nesting of faults, the water will cone kind
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of straight down through, but if you have high angle faults,
you can nove water a long ways laterally or sem -laterally
t hrough the Topopah, because it has such a | ow matrix
permeability.

SAGUES: But still am| wong in interpreting this as
saying that that correlation is, say, |ooking at the data,
statistically would be supported clearly and undi sputable for
about two, or at the nost, three |ocations?

DIXON: | nmean, | see it clearly at four |ocations, and
| see it also--1 nean, again, you' re |ooking at faults that
were identified at the ESF or if you have faulting at the
surface which projected down, and a | ot of areas, we see the
faults projecting down. | nean, | really see two areas, one
area being here and one area being here, two areas that are
anomal ous rather than exceptions, you know, rather than being
t he exception, where | see being anomal ous. But then this is
in the eye of the beholder. d audia?

NEWBURY: O audia Newbury, DOE. | just wanted to point
out that those are feature based rock sanples. In other
wor ds, there was sonething there that caused soneone to take
the sanple. [It's not part of the systematic sanpling. So
there was a fracture at that point, or there was sone ot her
reason for June to be taking that particular sanple. So it
wasn't just faults, but there are other features, other

fractures that are where those sanples are.
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DIXON: | mean, | think the exanple would be in the
cross drift, where they went down to the 4 centineter scale
mappi ng. You saw the distribution difference between things
that were a neter, versus things that go down to 4
centineters.

SAGUES: Thank you.

DI XON: | hope that answers it, Al berto.

RUNNELLS: Tine for one nore question. Anybody on the
Boar d?

(No response.)

RUNNELLS: Anyone on the staff? Yes, Leon?

REI TER: Leon Reiter. Paul, it's alittle |Iost on ne.
It may be a question; why is it that the four conponent
m xture nodel gives you such confort? Just sort of |ooking

at it, it looks Iike you have sort of sonmething with four
knobs that you turn and you can get a fit. | mean, maybe |
don't understand sonet hi ng.

DI XON: Wiat |'msaying there is is that that nodel has
an object you can turn, but they have tried to nake that
nodel based on realistic distributions of what we know t he
different input values are for the Pl eistocene, Hol ocene,
what the bonb pul se would be. You can actually break into
t hose conponents. Yes, you can tweak the knobs to make it
fit pretty well, but in ny viewpoint, when you | ook at the

data and howit's distributed, the only way you can get a
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true fit to that data is if you take the bounding
di stributions for each one of those.

And that's where this calculation first started;
what is the bounding range within each one of those four
conponents, and how well does that fit. And this calculation
was done with bounding values for what the ranges in the
Pl ei stocene, what the ranges in the Hol ocene.

Now, if you took and you wanted to nake it a
perfect fit, you could add nore Hol ocene and you could bring
that peak up so you could nake it fit even better. But the
bottomline is is there appears to be a fairly good agreenent
when you do that sort of analysis statistically on this, and
|"mnot a statistician, there may be people out here who are
much better statisticians than nyself, but it does give you a
feeling for, as you go down the tunnel, what you' re seeing
and why you're seeing it. The exact fit to that, as you
point out, is sem-arbitrary.

RUNNELLS: COkay, that will have to conclude our question
and answer session.

Any announcenents either from Debra or Jerry before
| unch?

(No response.)

RUNNELLS: Ckay, folks, we are going to start at
1:10. 00, not 1:11, so be back here at 1:10 and not a second

| ater.
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(Wher eupon, the lunch recess was taken.)

AFTERNOON SESSI ON

PARI ZEK: We want to start on schedul e, because we have
both these presentations, there's roomfor a public coment
period, and then we al so have an adjournnent deadline to
neet .

The first talk represents the State of Nevada, it
wi |l be on regional hydrology studies in the State of Nevada
by Linda Lehman, and it's both the saturated zone review and
unsaturated zone review that she wants to present. W'l
need all of the tine available for that presentation.

That will be foll owed by the unsaturated zone
transport tests at the Busted Butte facility, which is also
inported to the performance of the Yucca Muntain project.

So, Linda, we'll start right up here. So everyone

who's not sitting down, please join us. W are starting on

schedul e.
LEHMAN:  Thank you, Dr. Parizek. Can everyone hear nme?
Thank you for the opportunity to present the State
of Nevada funded research to the Board and to the audience.

Today, I'mgoing to try to cover a |lot of ground,
first starting with the conceptual nodel for the saturated
zone flow and transport. And in this nodel, I'"'mgoing to

summari ze briefly now sone of the inportant el enents
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Basically, what we are proposing is a structurally controlled
flow field as opposed to matrix flow. In this talk, |I'm not
going to try to develop or define the structures at Yucca
Mountain in terns of the structural geol ogy, but rather to

t ake what we know about the structures and tectonics and
apply it to how does it influence the flow

Sonme of the features that are of interest and
significant to our flow nodel are the north-south trending
faults, Ghost Dance, Solitario, and the Bow Ri dge; the
nort hwest trendi ng shear zones, the Drill Hole Wash, the
Sundance and the Abandoned Wash Faul t; and the northeast-
sout hwest trending faults, which exist at the southern part
of Yucca Mount ai n.

These faults, we believe, are open conduits in sone
cases, and the ability to transmt water seens to agree with
some work recently done by the Center for Regulatory
Anal ysis, and they agree that the northwest trending faults
could carry water based on a slip tendency anal ysis, and that

t he northeast-southwest faults carry a |ot of water and are

transm ssive based on dil ational tendency anal ysis.

Also, | want to say that we used tenperature as an
i ndi cator of flow paths and recharge. And at the end, | wll
present some of our |atest 3-D non-isothermal nodeling
results.

In terns of the unsaturated zone and infiltration,
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basically our nodel consists of several elenments. One is
focused flow, where flowis not infiltrated directly over a

| arge area, but rather channelled into certain areas where it
can infiltrate. W believe that lateral flow does exist in
several of the units, nost notably the PTn. Also, the
concept of non-equilibriumflow, which neans that flow can
nmove in the fractures without the matrix around it being at
100 per cent saturation, and the concept of hysteresis, which
was brought up several tinmes earlier, basically the

di fference between the wetting curves and the drying curves
of the rock mass.

Also, I'mgoing to briefly nmention the role of
structure in the unsaturated zone as well as the saturated
zone, and if we have tine in the end, I'mgoing to tal k about
how representative the current total system performance
assessnents and the NRC s TPA are to this structurally
controlled fl ow

The dat abase that we have in the saturated zone
basically consists of tenperature, hydraulic head data, sone
information on the structural geol ogy, and sone hydrogeol ogi c
paranmeters which were neasured fromwell tests, and al so sone
hydrochem stry dat a.

We believe that any nodel proposed, or any flow
pat hs, have to be consistent with all of the data and should

not use sel ective dat asets.
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This is the tenperature database that we are using,
and it's derived from SASS 1988 fromthe USGS, and the
inmportant things to notice here, and I don't know if you can
see this red marker very well, but we basically have three
cold fingers, one of which is a 30 degree--this is the 30
degree contour line, and we have a cold plunme of water
essentially com ng down the Fortymle Wash area, one that's
coi nci dent exactly with the trace of the Ghost Dance Fault in
the Yucca Mountain area, and you can see right here maybe
this little dotted line is the repository footprint, and then
anot her cold plune com ng down in Crater Flat.

Over here on the west, we have a hot area, which is
up to about 38.8 degrees C. at WI-10. W interpret this to
be upwel ling hot water along the structure of the Solitario
Canyon Fault.

Another thing I'd like to point out is the shape of
this cold finger here along the nountain, and you can see it
takes sort of a zig zag shape. This could indicate that
recharge is occurring either frominfiltration fromthe top,
or fromacross either the steep hydraulic gradi ent which
exists to the north. Oher things could cause a cold
tenperature plune, elevation effects on heat flow, for
exanpl e, and evaporation in the unsaturated zone.

Ri ght now, we're | ooking at two concepts, one is

the infiltration only through the nountain, and infiltration
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conbined with recharge com ng from above on the steep
gradi ent, because the water up here is col der, about 29
degrees C.

KNOPMAN:  Excuse ne, Linda. Wat depth are you talking
about here?

LEHMAN:  This is at the surface of the water table.
This shape, this zig zag shape, I'mgoing to cone back when
we tal k about structures in a nonent.

| guess before I--1 should go to this one.

Basically, the flow path that you woul d assune fromthis type
of a setup are like the arrows. It would be noving down
gradi ent according to these arrows that are shown here. And
that is a different picture than what you get from |l ooking at

the potentionetric surface.

Now, this is the potentionetric surface fromthe
USGS. It's the revised water table map, the el evations of
the water table, and the GSin '"93, "94 tine period re-

levelled all of the wells. They resurveyed them and they
corrected the head neasurenents based on tenperature and

density. Then they replotted the potentionetric surface.

They have snoot hed the surface, as you can see, and
as a hydrol ogi st looking at this, |I would assune that the
fl ow woul d go exactly at right angles to this, or to the

sout heast . However, the nunbers shown in red are the

corrected levels that the GS also cane up with, but did not
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use in this contouring.

They didn't use them because they felt these
nunbers were too | ow, and they could not explain the physical
significance of those nunbers. However, we took and
replotted the data and used all of the data, and cane up with
a different picture of how water woul d nove through the
saturated zone. These hydraulic |lows, or enbaynents as
like to call them in the 730 neter contour line seemto
coi ncide exactly with the positions of the Drill Hole Wash
Faul t, the Sundance Fault and the Abandoned Wash Faul t.

This gives you a nore conplex picture of how fl ow
can nove through Yucca Mountain. Myving at right angles to
this, we would have these faults basically acting as drains.

Sonme of themthat are very deep and al nost touch the
Solitario Canyon could be ways in which we have interbasin
flow occurring, and this is quite a comopn occurrence in this
part of the world, as we have suspected interbasin flow for
quite sone tinme, but really have not worked out the
mechani snms, and this may be one way in which flow is noving
across sonme of these steep hydraulic gradients.

So with this concept, we have flow, as the
t enperature shows, noving down the Ghost Dance Fault, and
then draining into the northwest trending shears.

When | saw the zig zag shape of the tenperature

plume, it was rem niscent of transformfaulting structures to
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me, because you do have that same zig zag shape. One thing
I'"d like to point out here is that these shapes are not scale
dependent. They can be seen at nmany scal es, and we can see
themat the nountain in different scales. These shapes here
range from thousands of kiloneters, down to 1 centineter. So
this is a tendency of fractal geonetry or fractal mathematics
that could control this flow system and the USGS actually
did a fractal analysis of the fractures in Yucca Muntain,
and it did have a fractal dinmension. | believe it was
sonmet hing |ike 2.3.

On the larger scale, here's Yucca Muntain, Death
Vall ey region, and this dotted line is the northern extent of
the Wal ker Lane Belt, a large tectonic structure that runs
all the way from Las Vegas, way to the north of Yucca
Mountain. And what | want to point out here is, again, the
zig zag shape. As we can see up here fromthe north, we have
sort of a zig zag shape coming down. So this shape in the
structures, we see it quite regularly when we look for it at
t he nount ai n.

Now, to the south of the nountain, we have sone
aeromagnetic data that were provided by the Center for
Regul atory Anal ysis, by John Stinmaticose (phonetic). You see
here the position of this Route 95 Fault which runs through
Lathrop Wells, and where all of Nick Stellavato's wells are

near, also the Carrara Fault. And you again see this zig zag
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shape in the Carrara and in the Route 95 and in the trough
itself which extends south down to Ash Meadows.

Again, a slide fromthe center show ng nore of
their interpretation of what this trough | ooks |ike, and as
Tom Buqo pointed out to you, this trough is filled wth a |ot
of valley fill sedinments, gravel, sands, and in sone cases
very fine sedinents. But this, again, wuld represent sort
of a different part or different piece of the flow field, and
early on, we had noted there were differences in the water
tabl e response to--when we neasured the water table response
over time, different on the east and different on the west.
So we recogni zed early on that this system was
conpartnmentalized, and it's probably only | oosely connected
hydrol ogically, and this may be al so another different part
or different conpartnment in the flowfield. But, again, you
can see the zig zag shape.

Zel Peterman just gave ne this slide. This is,
agai n, Yucca Mouuntain right here, and what | want to point
out in this in terns of structure is this area right here.
South of this |ine, we have an apparent rotation of the East
Crest, Mddle Crest and West Crest of Yucca Muntain, and
it's apparently rotated at about 30 degrees, and you can't
see it inthis slide, but the Fortymle Wash al so takes a jog
al ong that sane trend.

The USGS and Oneal, et al., they interpret those
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structures as rigid bodies that have been rotated in a
cl ockwi se fashion, and separated by left lateral slip faults.
These faults are also at the same angle as the northeast-
sout hwest open fractures that the Center has defined. W
bel i eve that those fractures could be fast flow pat hs.
Now, a nore recent interpretation of the structure
at Yucca Mountain cones fromthe Center for Regul atory
Anal ysis, and their interpretation here is that it's a series

of en echelon normal faults. And as these faults propagate

wi th increasing displacenent, then they beconme connected by
these ranp, relay ranps they call them And as you can see,
this zig zag structure still is apparent, even in this
interpretation.

Al so, we have these things called pull apart
grobbi ns or basins where the extension is essentially taken

up in these regions. This is also fromthe Center, and this
is in the southern part of Crater Flat, and they have
identified such a basin here. There are several of them

al ong the Wndy Wash Fault as well.

VWhat was interesting is that this is coincident
with the Black Butte lava flow, and it could be that these
grobbins actually provide a conduit fromthe deep carbonates
or deeper mantel for magma, but they al so may provide sone
channel s for hot water as well.

The main structures that we're dealing with in our
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fl ow nodel, here's the repository footprint, as | said
before, the Solitario Canyon Fault, the Ghost Dance and the
Bow Ridge. In ny nodel, we use the Fortymle Wash as a
boundary condition, as a no-flow boundary. But here, the big
guestion is if we believe our tenperature, cold water
tenperature plunme, then what happens at the end of the CGhost
Dance Faul t?

Now, this is shown to go all the way through here,
but really it's a big question nmark. W don't really know
what happens, whether the Ghost Dance is through going.

The USGS has cone up with sonme interpretations of
that, and they've cone up with several alternatives, but
basically it's the Abandoned Wash Fault, it could connect to
that. 1t could go down the west side of East Crest or the
west side of Mddle Crest. And |I've drawn that out
graphically here so that you can see. The flow could go down
any one or all of these pathways if it stays channelized in
the fault structures.

Now, | want to conpare that to sone of the TSPA

results, and this is not the nbst recent one. The nost

recent ones use six flow tubes, but they still followthis
sanme pathway. And as you can see, they still are using an
eastern flow path fromthe repository to Fortym | e Wash, and

down into the Amargosa Valley. This type of a flow field

woul d have sl ower velocities, nore dispersion, nore dilution
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than you woul d see in a version where you would have a nore
confined channelized pathway. You would al so have hi gher
velocities in this type of a situation than you would with a
pl ume novi ng through all uvium

About a year ago, Zel Peterman presented sone
information on chloride data. | don't know how well you can
see this fromback there, but this is a chloride plunme com ng
from Yucca Mountain, and it basically is noving north-south.

| feel this is nore supportive of the north-south flow path
than the easterly noving flow path

He has al so recently produced sone nore data. He
has sonme nore sanpling points down in the Amargosa area. But
basically, we still see the sane trend in the blue and green
dots comng nore this way. They're not on here, the Nye
County well data are not on here, but Zel says that it
confirnms that this is basically a north-south trending flow
path. And we can see this sanme sort of thing if you'll [|ook
at the green dots from Yucca Muntai n noving sout hward.

Now, we decided to construct a nodel, and this is
our three dinensional nodel setup. Basically, you can think
of it as three layers. The first layer is the volcanic
aquifer. The mddle |layer is the vol canic aquiclude, and the
third [ ayer being the carbonates. Carbonates are not
simul ated by a specific layer, but are sinulated through

boundary conditions. And the boundary conditions that we
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used are those that are at P-1, since that was the only data
point that we had in the carbonates. So the pressure head

t hr oughout the whole nodel is set at 750 neters above sea

| evel .

The tenperature in the carbonates, we have done a
l[ittle nmessing with that, it ranges from 53 degrees on the
east, over to about 57 degrees on the west, and we did add
one point for Nick Stellavato's hotter wells. But | want to
say that the end of this nodel is just at the southern
repository tip, and it does not go down into N ck's area.

In this nodel, we started with the tuff porosities
and perneabilities that were in the literature of 10" meters
squared, and then we added fault zones. W have the Bow
Ri dge, the Ghost Dance and the Solitario. This is the Drill
Hol e Wash, the Sundance and the Abandoned Wash Fault. The
dar ker area here, these are | ess perneable, being barriers,
and the fault zones are nore perneable. And up here, we have
a boundary condition of 1000 neters and 29 degrees C.

To get at the perneabilities of these fault zones,
they were arbitrarily adjusted fromthe 10" meter squared in

order to match the potentionetric surface. So it's totally

arbitrary.

Also, | want to say that we did add infiltration
where you see these blue lines along the Drill Hole Wash and
Ghost Dance and the northern part of the Bow R dge, and we
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put infiltration at the rate of 10 mllinmeters per year and
assuned that it was 15 degrees C

W were able to get a very good match we think in
terms of the pressure surface. W were able to get the
enbaynents in the 730 contour line, or close to it, and the
steep gradient on the west and on the north.

And we feel like we did a pretty good job on
mat ching the tenperature plunme. This is the Ghost Dance. So
we have gotten the cold finger down the Ghost Dance, we've
got the cold fingering down Fortym |le Wash area. The reason
we don't have these is | realized after we did this [ast run
that | had set the tenperature boundary condition here to 36
degrees, so we don't see the cold plunme com ng down here.

From previ ous runs, we found that we could not
mat ch this pressure head over here unless we did add sone
boundary conditions, because the highest heads that we have
in the nodel are 750, and as you heard Tom Buqo say, there
are heads of 775 neters, approximtely, over there. And we
added a boundary condition to counteract that, but | think
that Tomis exactly right, that there could be sonme barrier
to flowin the southern part of that area which is just
damming it up and not allowng the flowto cone out on that
side, and in future runs, we wll try to sinulate that.

Now, as good as those matches were, we | ooked at

the velocity fields and we were quick shocked with the
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nunbers. W cal cul ated groundwater travel tinmes on anywhere
froma range of 18 days to the 20 kil ometer boundary, to 96
years. And the way we got those is not through a transport
anal ysis, but basically we | ooked at the inter-block

transm ssivities or velocities block to block, and we said,
okay, if this was the velocity for the whole thing, if it
went at this velocity for 20 kiloneters, this is the travel
time we would get. It's not an anal ysis going through
different fracture zones.

So in order to try to lower this, we decided we
needed to see what we could do to |lower these velocities. So
what we did was we just across the board nmultiplied all of
these perneabilities by 10°. No other changes. Infiltration
and everything is the sane. And we did a pretty good job of
mat chi ng the pressure surface. Once again, you can see the
enbaynents. And we were able to |lower the velocities quite
significantly. Now our travel tinmes range froma | ow of
about 5,000 years to about 8 mllion years.

However, we didn't do such a good job on our
tenperature. As you can see here, our tenperatures are way
too hot. They're about 13 degrees C. too hot in the Chost
Dance, and very, very hot over here in the Fortym |l e Wash
area, and just along the Solitario canyon. So this told us
that perhaps that the perneability fields are really

controlling a lot of this tenmperature distribution, because
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we can't push enough water through here fast enough to cool
it down.

Now, of course, the $64,000 question is what is the
| oner tenperature boundary condition. W really don't know
if that tenperature field that we have in the bottom|layer is
correct. W have only one data point. W don't know if the
pressure field is correct. W have only one data point. So
these are the kind of things that we have to know in order to
see whether or not a nodel like this is representative.

PARI ZEK: Linda, we're going to be tight on tine here,
so if we could maybe hit the high point here and then--

LEHVAN. That's it for saturated. |'mgoing to nove
ri ght now to unsaturat ed.

Wth regard to the unsaturated zone, this is a
nodel we proposed in 1991, which was the idea of having
focused flow on the west side of Yucca Muntain, especially
in areas where the PTn unit was absent. And I'mreally glad
t hat the speaker before ne cane up and said a lot of this
same thing

One thing that we had noted was that there could be
|ateral flowin the PTn, but that you really needed to | ook
in areas where the PTn was not present to | ook for higher
fl ow pat hs.

The idea here is that rainfall can hit the western

side of this nmountain, and then actually run off under the
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al luvium and then go into the open channels directly in the
Topopah Spri ngs.

The concept that's being used in the TSPA is that
el evation and the depth of alluviumcontrols the
infiltration, and we generally agree with that. The only
thing is | don't agree with it on the western side where the
sl opes are very steep. And as the data shows, we are getting
sonme infiltration, or at |east some Chlorine 36 hits there.

The other thing that was nentioned is the role of
hysteresis. W believe this should be accounted for and fast
pat hways for fracture fl ow

In terms of structure, since we tal ked about the
extensi onal nature here and nost of these |l arge open faults
are running north-south, there's reason to believe that there
are smaller scale fractures also oriented in this direction.

And a lot of the estimates for the TSPAs were done based on
the tunnel, and the tunnel, as you know, runs parallel to a
| ot of these structures, and nowin the cross drift, we're
actually going at right angles to a |lot of these faults. So
like a well, you're intersecting nore fractures, you should
get nore infiltration or nore hits in terns of water
novenent. So we believe that the structure there is also
i nportant.

And that's it for the nodeling. |If | have a

m nute--1 don't know how rmuch tine | have left.
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PARI ZEK: Just take two mnutes so we allow tinme for
guestions, and you can perhaps el aborate on sone of the other
wor k.

LEHVAN. Al right. Basically, the handouts that say
anal ysis of representativeness, |'mnot going to go through
t hat because you have it there and you can read it. But
basically we feel that the flow paths are incorrect, that
it's not necessarily consistent with the chem stry that's
comng fromthe program and they have not used any
tenperature in their analysis of flowin the saturated zone.

|"ve asked several tinmes why don't you use
tenperature as a flow path indicator, and they' ve told ne
that basically, we want to devel op a good flow nodel first,
and then we'll add tenperature. But | maintain that you
don't know if you have a good flow nodel until you use
tenperature, or sonme other parameter to calibrate agai nst
besi des the hydraulic head.

The whol e i ssue of hydraulic apertures and
effective porosities needs to be exam ned. But nore
inmportantly, also the idea of dilution, especially the NRC s
nodel , and there's a typo on here, it should be 10 to the 6
gal l ons per day, not 10 to the 8th. Basically, they dilute
the repository releases by a well bore dilution of 10 mllion
gallons a day. |If you do have segnented systens, especially

in the [ower part of the system if we have isolated bl ocks
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separated by faults, then we probably don't get that huge
ki nd of production rate that would be needed to create those
dilutions. So that needs to be | ooked at.

In terms of the unsaturated zone, | think Bo has
done a good job of putting tenperature and a |ot of structure
into the nodel. Wat we would |ike to see now is nmaybe on
sonme of the transient node analysis, to incorporate
hysteresis and also a distribution of infiltration that does
incorporate slightly wetter conditions on the west.

PARI ZEK: Can we take questions now, Linda?

LEHVAN: Yes, that's good.

PARI ZEK: (Okay. Board, questions anyone? Debra
Knopman?

KNOPMAN:  Knopman, Board. |'mwondering if we could ask
Zel to come up and perhaps respond or elaborate a little bit

nore on the chemcal data and its consistency with your
hypot heses about the flow pat hs?

PETERVAN:. Zel Peterman, USGS. | guess the one with the
chloride would be the useful one, Linda. This is from our
i nt egrated hydrochem cal isotope database that we continue to
wor k on and unfortunately does not include the new data from
the Nye County wells yet, although those are in the database.
We just haven't had tinme to redo these maps.

It does include our two new sanpling canpai gns down

in the Amargosa for which we have conpl ete dissolved ion and
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isotopic data. So what it's done down there is tighten up
what appears to be a zone or plunme of water consistent with
the I ow chloride water at Yucca Mountain. That's exenplified
by the blue and green dots.

Now, these contours are devel oped using a program
that grids the data, and you can see that the distribution of
data points isn't really optimal for gridding, but it does
basically do a pretty good job. It does a cragi ng approach,
and there is, if you notice that the contour that encl oses
the blue and green dots in the Amargosa, there's a northerly
closure to that. | think if anybody were hand draw ng that,
you' d just continue those on up and connect themw th Yucca
Mountain. So |'mpretty confident that we are |ooking at,
you know, a general flow zone, or whatever you wi sh to cal
it.

| think that the sulfate on the right shows the
same thing. Now, what we're seeing there is an increase in
sul fate as we nove sout hward, and of course what's happeni ng
is we're transmtting fromthe water table in the volcanic
rocks where you woul d expect low sulfate, to the water table
in the alluvium and the alluviumis conposed of a variety of
rock types, including material derived fromthe Pal eozoic
i mestones, which probably has little bits and pieces of
gypsumin it at various places. W're also |ooking at

Precanbrian detritus comng off the central Funera
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Mountains. We're |looking at these early tertiary spring
deposits. So the valley fill there at the Amargosa is
lithologically pretty nmuch of a conpl ex assenbl age of rock
t ypes.

So at the nmonment, | feel confident that we are,
that the hydrochem stry--and this is only a sanple. W have
stabl e i sotopes and strontium and urani um i sotopes--are al
pretty nmuch supporting this north-south, and as you cone
south, if you' re facing south there, you can see the contours
do sort of take a little bit of a job left, and that's
consistent wwth the geology that we saw that Linda had, and
earlier, the maps that Tom Bugo showed on the regiona
structural fabric. So | think everything is kind of com ng
t oget her there.

KNOPMAN:  Thank you

RUNNELLS: O her Board nenbers? Priscilla?

NELSON: Nel son, Board. In this figure, you show
Solitario Canyon Fault as nore or |ess of a danm ng, |ow

permeability zone?

LEHVAN: Yes, for the saturated zone. But for the
unsaturated zone, | believe that while it's a damto
hori zontal novenent, it can always be a conduit to vertical

infiltration, because a |ot of these faults have quite | arge
damage zones associated with them

So | think what happens in the unsaturated zone is
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we have runoff going under the alluviumthere at the fault
contact, and just kind of dropping down into the disturbed
zone just east of the fault there.

PARI ZEK: Ot her Board questions? Staff?

(No response.)

PARI ZEK: Pari zek, Board. | have a question about
choice of drill site locations. Tom Bugo said where he woul d
go with the next cluster of drill holes. If you had that

noney that you were offered this norning, where would you put
drill holes to test your hypothesis of flow and this fast
path question that you raised as part of a conceptual

di fference?

LEHVAN. | would first of all try to get a deep hole
somewhere close to the mountain so that we could see what the
tenperature and pressure boundary conditions would be from
under neat h, because | think that, at |east in our concept of
t he nodel, controls.

The other thing 1'd like to do is nove up in this
area where the bottom of the--where the end of the Ghost
Dance Fault is and perhaps do sonme tracers up in here to see
if it in fact does followthis central ridge, central crest
east of Lathrop Wells cone right in through here. O if like
the others think, maybe, you know, it is going nore over to
Fortymle Wash, to try to sort that piece out.

PARI ZEK: The consequence is quite inportant in whether
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it's fracture flow or whether it gets into alluviuma little
earlier. You point that out as your TSPA type comments;
right?

LEHVAN: Right. Yes, | think it's going to nake a big
difference. And also in the designs that are being
considered, the alternative conceptual designs for the
repository, right now are only analyzing the eastward fl ow
path, and I1'd like to see soneone anal yze a nore north-south
fl ow path and maybe fracture flow controlled scenario. It
m ght nmake a big difference in what design options you

choose.

PARI ZEK: Parizek again. The question about USGS
droppi ng out sone control points which are red dots on your
map, | didn't get all those witten dowm. |s anybody in the
Survey here prepared to comment as to why those hol es were
dropped out of the database for contouring the water table
configuration? You nore or less briefly told us they were
dropped out. But do you know why?

LEHVAN. They said in the report why, and they said that
they did not understand why they woul d have hydraulic | ows at
t hose | ocations, so they just took them out.

PARI ZEK:  Priscilla?

NELSON: Nel son, Board. On this figure here where you
first showed the north flow, at about what point do you think

that this flow exits the rock?
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LEHVAN: That's the $64, 000 question, as | said before.

NELSON: Any guesses?

LEHVAN. But | don't know how well you can see fromthis
one that's up here, it could follow this |line here and cone
out by Busted Butte. It could conme out over here. Al this
is the volcanics, and where actually the line is where you
get the alluviumor valley fill, 1've been assuming that it's
been along this Route 95 fault. It may not be. It may be in
ot her places up here. So | don't know.

NELSON: Nel son, Board. That's why | sort of was
t hi nki ng that that would be a good place to at | east get sone
nore definition of where the top of rock is and the thickness
of the alluviumvaries.

LEHVAN: | agree definitely.

PARI ZEK:  Debra Knopman?

KNOPMAN:  Knoprman, Board. One very qui ck question
Based on what you know now and the data avail able in your
nodel i ng, what in your mind is a conservative range on
groundwater travel tinme fromthe repository to the 20
kil oneters down.

LEHVAN. Well, it depends if it's fracture flow |If
it's all fracture flow, I think we're | ooking at probably in
hundreds of years range. Certainly, we could have faster
paths faster than that if we had the gradient, if we had the

head gradient. | don't know that we really truly have the
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head gradient. But |1'd say probably hundreds of years rather
t han t housands of years.

PARI ZEK: | think we have to cut it down for the next
and | ast presentation. Thank you. There's a |ot of
conceptual ideas and you'll be in the drilling program [|'m
sure that it's being inquired as part of it.

The next speaker is Paul D xon who will talk about
t he unsaturated zone transport tests at the Busted Butte

facility, and always an update there is very informative.

DI XON:  Good afternoon. | hope everybody is sem - awake
after lunch after having sat through one talk. So I'll try
to keep you entertained here.

Again, I'd like to start this talk with this talk
is being presented for Glles Bussod, who is the Los Al anps
Laboratory | ead, who's been in charge of this test and he
regrets that he's not here today to give this. So I'm
presenting for him so if | get outside of ny bounds here in
sone area, please be kind.

This is just to kind of give you an idea that
standi ng on the crest |ooking fromthe northwest towards
Busted Butte, Busted Butte really is proximally close to
Yucca Mountain. And in studying Busted Butte, one of the
reasons why we | ooked at the Calico Hlls and Busted Butte is
it is very proximal to Yucca Muuntain, and it appears both

chem cally and stratigraphically and mneralogically just to
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be a distal portion of the Calico Hlls where it starts to
thin. And where you have maybe 70 neters of Calico exposed
to Busted Butte, you have sonewhere like 70 to over 100
neters exposed to different places underneath the repository.
So this is just to kind of give you a warm and fuzzy that
we're not | ooking and trying to make correlations to a unit
very, very distal from Yucca Muntain

Most of you have probably seen this, but we'll
revi ew back through it. The test objectives at Busted Butte
are to try to evaluate what the influence of heterogeneities
are on flow and transport in the unsaturated zone; to
eval uate other aspects of the site, including fracture/matrix
interactions and perneability contrasts. And I'll show you
sonme of this information as we go through with the exanples
fromsonme of the m ne backs we've had there.

Look at colloid mgration in the unsaturated zone,
what sort of effect did we have on infiltration. Use
| aboratory sorption data at the field scale. And one of the
things that I'Il point out about this test is this test not
only has the field aspect of it, which I'll present here
today, but there's a whole second set of information, which
is using the analog tracers and real radionuclides in the |ab
so that we have a direct correlation of real radionuclides,
of how they would interact in this system And that work is

ongoi ng right now, and there was no prelimnary data that |
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was allowed to present today.

And then what we're trying to do right nowis give
enough information that we have sone calibration and
val i dation things for Bo Bodvarsson and the UzZ fl ow and
transport teamto use in that to build our confidence in the
use of that nodel and some of the things we're doing.

And the other thing is is that this test is really
the internediate scale test that we have right now between
what we have at the | ab bench and what we've been trying to
nodel at the site scale. It's kind of sonmething in between
that gives us a real solid data point that's at a fairly
| ar ge si ze.

The test plan for Busted Butte that was devel oped
three years ago, the test was designed to go in three phases.

"1l state right up front now the test will probably end
after Phase 2, based on where we're going into site
recommendation, and we may either continue in the future
after site recommendati on and |icense application to a Phase
3 at the Busted Butte conplex, or we may in fact nove to a
different site to study nore parts of the Calico Hlls and
how it interacts.

This is just for your background, just for
everybody's know edge of what tracers did we use in the Phase
1 and Phase 2 tests as | talk about them and as |I go through
this.
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In the test, a series of sanples were sent up to
the USGS. What's been interesting about Busted Butte is for
the first time, we actually have been able to make physical
measurenents on the type of rocks that have this high
porosity perneability of the Calico HlIl. Alnost all the
drill hole information we have fromthe Calico tends to be
fromthe nore zeolitic units that we made nore intact. Wen
we becane nore vitric in the southern part of the repository,
m ddl e to southern part of the repository, this information
was just not available, so we took a distribution of what we
t hought it woul d be.

So for the first time, we're able to actually go in
and physically nmeasure and validate sone of the val ues that
we' ve been using in our nodeling and cut off the distribution
tails and really get to a nean value that's real

You can see here the porosities are extrenely high.

| nmean, this is really like a very |oosely held together
sandstone. | nean, it's very, very high porosities.

This is sone data fromLarry Flint of the U S
CGeol ogi cal Survey, just |looking at noisture retention curves
and conductivity data, fitted with the van Genuchten nodel ,
and this is just to show you that by and |arge, that nodel
the data very much follow that representation of that nodel

So we're not seeing any strange behavior in these rocks. 1In

fact, it's a pretty anmazi ng dataset.
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To date on June 30th, we interchanged pads in the
col l ection boreholes, and to date right now, we've collected
over 7000 pads from Phase 1-B and the Phase 2 test. And of
t hose 7000 pads, over 1000 have been extracted for
everyt hing, except for the netals and m crospheres. And we
have over 10,000 separate anal yses right now on the
fluorinated benzoic acids, brom de and the fluorescein,
rhodam ne dyes that we've used in this test.

The Busted Butte test |ayout where we're getting
the pads from just to kind of conme back and review it with
you guys a little bit, is this is the Phase 2 test, which is
a large block test. [It's roughly 10 by 15 neters. W have a

series of injection boreholes here in white, and those

injection boreholes are at two | evels, and they have--we have
anywhere between 1 and 50 mlliliters per hour injection up
here, and down here we have roughly 10 mlliliters per hour
injection rates in the thing.

This unit here is the TPV-1 and the actual test--
the actual injection boreholes wll set up right at the base

of the TPV-2, which is the bottom part of the Topopah. The
actual true Calico is in the unit down here where we have the
second set of collection boreholes. There tends to be nore
fracturing and things in the TPV units because of the clunber
j oi ning com ng down out of the basal vitrosphere. You get

sonme of that clunber joining extending down into the TPV 2.
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In fact, the Phase 1-B test, which I'll show you
results fromhere next, which is set up here, which is
Boreholes 5 through 8, that is set up in the fractured TPV-2
clunber jointed fractured TPV-2 to specifically try to
address fracture flowin kind of a vitric, slightly altered
rock.

This here shows the Phase 1-B test | just pointed
out. Phase 1-B, we had two high injection boreholes and two
| ow. The distance between the injection and the collection
borehol e was 30 centineters. In the collection borehole, we
had a series of pads for collection spaced out, and in each
one of the injection boreholes, there was at | east one
fracture, and this is the six set of boreholes.

Pre-test predictions on this test here where we
have a single injection point over top of the fracture
suggests that you'd be hours to a m ninmum of a coupl e days
before you' d have breakthrough along this fracture of fl uids.

If you look at the chart here, you'll see that the
injections started on 5-12, and it wasn't sonewhere until
about 6-23, over a nonth |ater, over 30 days |ater we got
br eakt hrough. Everybody thought for a while that we had
problems with the injection. W knew we were putting tracer
in, but we just weren't sure what was happening. You can see
that once it breaks through along the fracture there, that's

the main flow that heads along that. You see there's a
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substantial anmount of matrix flow that heads out into this.
And as | start to tal k about sone of the Phase 1-A
tests, you'll actually see, | didn't have a slide, | didn't
get one before | canme here, what it |ooked like. W actually
over cored these holes in the process of analyzing it.
We also injected in this hole here the
m crospheres, and we're | ooking at the transport of those
m crospheres and their filtering along fractures and out into

the matri x.

What I"'mgoing to do now is just show sone pictures
of the Phase 1-A mine back. | don't know how many of you
people got to visit when Glles was m ni ng back the Phase 1-

A, but it was pretty exciting.

This here is actually the 100 centineter depth,
just to kind of point out that this is the second m ne back
| ayer, and I'Il actually show all four progressive m ne back
| ayers. There's Dr. Bussod standing there.

Note that in these two borehol es here, the
injection rate was 10 mlliliters per hour, and in this
borehol e and this borehole, the injection rate was 1
mlliliter per hour. A single point injection, and the
injection point was at 3 o' clock in each one of the holes.

This is to kind of give you an idea of what it
| ooked |i ke as we m ned back. W started at the surface.

You didn't really see any effect of the surface, but at 20
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centinmeter m neback, you can see the injection point here was
at roughly about 100 centineters into the hole here. It's
about a neter in was the injection point. You can see that
you've had mgration back this direction. Wat you notice is
the strong capillary flow

So what you get is you get not only--you have the
fluids injected at 3 o' clock and you get the fluid diffusing
out all the way around this due to capillarity effects. And
you'll notice that there's a lithol ogic contact here that
"1l come back to later, but anyway, you get a kind of a
picture that this is--the capillarities are very, very strong
inthis unit, which is a confirmation of sonme of the things
that we used in the VA nodel where we used very | arge
capillarities for this.

And the other thing to point out as we go through
this here is that we sawit in the Phase 1-B test, but we see
it in the Phase 1-A test, where you have fractures, fracture
fl ow appears to be pretty nmuch insignificant, and that
lithol ogic contacts are nmuch greater fluid boundaries or
fluid retentions than you woul d ever get from m gration al ong
the faults.

Just looking at the 10 mlliliter per hour
i njection borehole here, at 50 centineters, here's the
lithologic contact. You see the halo of capillarity around

there. Wen you get to 90 centineters, there is a fracture
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or fault heading through this zone here that's actually got
opal along it, so you know you' ve had fluid travel along that
fracture at points in the past.

And you notice that you get a ponding at the
contact, and within the Calico Hlls, these contacts tend to
beconme slightly nore silicious at the contacts due to the ash
falls and alterations at the surface. You see a |large effect
of ponding here, and you see a very mnor effect of fluid
nmovi ng down the fault, as opposed to the ponding. And,
again, the red dot is the injection point.

What was done with the Phase 1-A test is we did a
series of three-dinensional pre-test predictions of what we
t hought we would see. And I'll show you in the next slide an
actual exanple of the field test versus a nodel prediction.
And two-di mensi onal heterogeneity sinulations were used for
pre-test predictions, unfractured, Phase 1-A, and fracture,
Phase 1-B. And stochastic nodels were used for pre-test
predi ctions and to understand the uncertainty in what we were
doi ng.

For the high injection rate borehole, this is what
we saw in the field. You guys have seen this here. This is
basically what we nodel ed. W nodel ed that you woul d see a
basically diffuse halo. What you notice is that this is--we
put a fair amount of heterogeneity into this based on the

test and sone things we saw. Wat you notice is that with



465

the exception of a lithologic contact, that's the major

het erogeneity that's causing retention of flow here. O her
than that, capillarity seens to be a pretty equant systemin
her e.

In the lower injection rate borehole, |I found this
pretty interesting, is that when you're injecting here at the
3 o' clock, the fluid is being injected at a lowrate and it
will slowy wap around the borehole, and what you notice in
the nodel is you see this kind of bell shape here, and you
see that very simlar bell shape in the field, which
t hought was pretty exciting, that you' re actually able to
nodel that phenonena of how the fluid slowy waps around at
l ow injection rates.

So at this point in time, fromthe Phase 1-A and 1-
B tests, the tentative conclusions are that we're able to
confirmthat you have long travel tines in the Calico Hlls.

The capillarity is really showing you that you're really
going to be able to slow fluids heading through there. The
m gration of water fromfractures into the rock matrix
appears to be very strong. Were you have fluid fl ow down
fractures, it tends to get inbibed in the matrix due to
capillarity. And by doing so, you're increasing your
sorption sites and you're increasing interaction with the
rock and the ability to retain things.

The ot her short-termthing here right nowis the
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prelimnary information about where the colloids went, at

| east in the Phase 1-B test fromvisuals, because they are
fluorescent, is that visually, it doesn't |ook |ike they
noved nore than about a half a centineter away fromthe
injection point. They really just get in there and cl og
things up. They're really being filtered extrenely strongly
as they're being inbibed into the matrix. And those results
hopefully will be coming out here in the next nonth or so as
Glles puts in sone information for themto use in the UWZ
flow and transport PMR

And another thing I'd point out is that sorptive
retardation in the Calico Hlls is going to be inportant,
especially in the vitric units. W've already talked in the
past about how the zeolitic units, if they have the right
zeolitic content, somewhere |less than 15 per cent, you' d have
a high enough porosity perneability to allow interactions.
What this is showng is that even in non-zeolitic Calico
Hills where you have alteration with clays and calcite, you
get a fair anmount of sorption going on.

And 1'Il just point out here that the data and
analysis fromthis test are being used for the site
recommendation and will ultimately be used in the |license
application.

Just a slide Glles put together just to point out

that in the VA nodel, when we | ooked at one of the analysis
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where you had fracture flow fromthe repository horizon down
to the water table, this is the sort of breakthrough curves
you got for non-sorbing to sorbing tracers. |In fact, you got
fairly quick travel tines for non-sorbing tracers.

In VA, we had a range distribution of what the
Calico Hills mght give us as far as hysteresis effects or
due to matrix capillarity, and what you see here is that if
you use the information we currently have from Busted Butte,
you see that you can basically gain and verify three orders
of magni tude hysteresis in the flowtinme by in fact using the
data that we've been able to verify at Busted Butte in the
field test.

So we' ve been able to take that distribution from
the VA nodel and very nuch restrict it in what we believe is
really out there in nature.

Wiat I'd like to do nowis Glles has done a series
of pre-test predictions for the Phase 2, and I'd kind of |ike
to run through a couple of these and just, you know, just
show you where he's headed with sone of this, and give you an
i dea that we've put together, as we start anal yzing and
putting back into the nodel the data, we actually had
sonmet hing to go back against for the Phase 2. And, again,
remenber the Phase 2 block is here where you have nine
injection holes, and | think 12 or 13 collection hol es over

here.
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Al so renenber that these little holes, or the stars
of them here, they're doing electrical resistivity tonography
in, and also every tine we'd pull out liners here to collect
pads, we'd pull themout in pairs, and they run a series of
ground penetrating radar two dinensional plane anal yses on
t hose holes. So we have neutron logs for the initial
saturation. W run a neutron |log, and then we run GPR or ERT
on these. So we're trying to get an idea of the real tine
saturation front novenent in this block, as well as what's
com ng out on the pads as far as tracers and dyes.

And this slide here, this is basically fromthe VA
this is just to give you an idea of the validation of where
we're nore highly zeolitized in the northeastern part of the
repository, you tend to get nuch, nmuch shorter travel tines,
because the flow tends to be nore fracture dom nated. What
we're |l earning now fromthe mneral ogic nodel as we add nore
detail, and which Bo is adding into this thing, is that this
may in fact actually be very, very conservative, and the
reason for that is that where you're zeolitized in the
northern part of the--northeast, you're also interlayed with
vitric units. And from Busted Butte, you're able to show
that you get nore of this kind of a behavior in travel tines
with the vitric units, and so the interlayering, you may have
fast flow |i ke you have through the Tiva Canyon into the

Pai nt brush Tuff, and then it slows down like in Chlorine 36,
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and it picks back up when it gets back out again.

Well, what this is showing is that sone of these
diagrams will definitely change as we head into the new
representations with the UZ flow and transport nodel that Bo
Bodvarsson i s working on.

This is just to show that froma nodel prediction
where you have the high injection boreholes up high, and the
| ower injection boreholes down low, this is the sort of
saturations we woul d expect at one year. So when we start--
t he m neback for Phase 2 is supposed to start right after
Christmas in 00. W'Il start mning this back, and that way,
hopefully when we start the m neback, we will be through with
t he m neback in a couple of nonths, the analysis by md-
sumrer, and wwap up the witing of the report on Phase 2,
with all the analysis, by the end of FY 00, is the goal right
nNow.

And you' Il see that the tracer front here has noved
significantly less. So what you' re | ooking at here, you'l
see fluorescein and sonme of the other dyes, the nore nobile
conponents, on the pads. The reason why we need to m ne back
the Phase 2 like we did the Phase 1-A test is that the
tracers by and |arge we predict are not going to nove very
far, and the only way we're really going to know their
di stribution and how they went in the systemis to do a

limted m neback at Phase 2.
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And | think I'lIl stop there and entertain

guesti ons.

PARI ZEK:  Thank you, Paul. It was a very informative
update. Any questions fromthe Board? Debra Knopman?

KNOPMAN:  Knopman, Board. Help us, Paul, to understand
how you can fairly extrapolate fromthe results of Calico
Hlls to the rest of the Calico Hills throughout the
repository horizon in terns of properties. You nmade sone
fairly bold statenents about what you can say now about
travel times through Calico Hlls, and |I'mjust wondering how
you get fromhere to there.

DI XON: Okay. Wiat 1'Il start with is that the | atest
t hr ee- di nensi onal m neral ogi c nodel for the nountain that's
been devel oped at Los Al anps and is being used in the | SM PMR
ri ght now gi ves--they've been able to, fromall the dril
hol es we have to date, and using anal ysis techni ques,
basically put together a three dinmensional picture of what
the Calico Hills |ooks Iike in both horizontal and vertical
depth. Based on that, and knowi ng the connections fromthe
m neral ogy and petrology of the Calico underneath the
repository, |looking at the m neral ogy and petrol ogy of Busted
Butte, even though it's a thin section, you know that you're
| ooki ng at the same--basically, you're |ooking at kind of a
pi e shell thinning out to the edge.

So you're | ooking at the sane unit, and what we're
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saying is that fromthe drill hole informati on we have,

again, it's very limted, we tend to in these vitric units
get dust at the Calico Hlls and Busted Butte, we know why we
get dust, because it's even hard to hand auger it and get
intact sanples for analysis, that m neral ogy matches. And
where we have m ssing chunks of the Calico Hi|Ils underneath
the repository, we infer that that is there, based on

basi cal | y dust sanples that have cone back up

KNOPMAN:  So the density, just thinking in terns of a
slice, a plane through the repository bl ock, you have
approxi mat el y how many borehol es, direct borehol e
m ner al ogi cal sanples that you are working fromto do your
cragi ng, or whatever, your interpolation?

DI XON:  Right now, there's 21 or 22 borehol es around the
repository that they used to do this. Again, SD-6 is the
only borehole that actually penetrates the actual repository
where we have coring. And | agree with you, nost of our data
occur east of the Ghost Dance, and north of the north ranp.
| nmean, we have a large hole in there of where we are and
we're projecting, but you have things like the old Hwalls,
the hydrologic walls, and other places where you can get
cuttings and chippings that give you an idea of what's
happeni ng.

So sonme of this right now, we're in the process of

trying to determ ne which of this data you can use, and has
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to be qualified for site reconmendati on noving on, but in
general, as you get nore holes, and again, you don't want to
punch the repository full of holes to do things, but there's
fairly good indications fromeverything that's been drilled
in the south, even as you go down east of the Ghost Dance,
that as you go south, the vitric content of the Calico Hil

i ncreases dramatically, and as you go north, the zeolitic
content, and that has to do with the tip of the beds and the
anount of tine they spent underneath the water table at sone
point in their past history.

PARI ZEK:  Paul Craig?

CRAIG Craig, Board. 1'd like to explore with you your
confidence--1"mreally follow ng on Debra's remark--but back
on Nunmber 20, it looks |ike using your calculations, that for
the significant portion of the repository, the delay tines
are in the order of a thousand years for 50 per cent. And
you know the Board is very nmuch interested in defense in
depth, and so these nunbers are inportant in thinking about
t hat .

I"d like you to, if you can, speculate on the |evel
of confidence that you have in these nunbers, and what kind
of findings mght cause those hold-up tinmes to nove up, so
that the 50 per cent time for the bulk of the repository
woul dn't be on the order of a thousand years, but it mght be

in the order of 10,000 years.
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DI XON:  That's a good question. | nean, |'mnot sure--|
mean, | have confidence right now based on just the
hysteresis effect you get due to capillary as you nove
through there. | nmean, you slow the water front. | nean,
this is strictly just a slowing. |'mnot even |ooking at
retardation, because the data aren't fully in on how you're
retardi ng things.

The fact of the matter is is that you can get
potentially in the zones where you're nore vitric and you
have a | ot of porosity perneability, you may be able to gain
an extra order of magnitude if you have retardation there.
And the retardation on clays of the key radi onuclides that
| nez has | ooked at, and on calcites, there is a fair anount
of retention of those key radionuclides to those different
el ements, and that's one of the alteration products in the
nore vitric units. You mght have 3 to 5 per cent of those
sort of constituents, and what has been shown in | aboratory
experinments, it's not if you have 40 per cent zeolite or
sonething |ike that, or 40 per cent clay, it's trace anounts
of clay, but it's having the interaction and having the
capillarity effect where you suck stuff out into the matrix
and you get a lot of interaction of that fluid with the
matrix allows you to get very, very high sorption
coefficients, because you interact with a |lot nore of the

r ock.
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The confidence | evel right now that we understand- -
again, these are fromthe VA but we understand--we believe
we understand what's happening in the [onger travel tine
zones there based on Busted Butte. W believe we have a | ot
nore confidence there. Were we have | ess confidence in ny
vi ewpoi nt, and where we're doing nodeling, is what really
happens in the zeolitic zones? Because in sonme of the
zeolitic zones, when you get over 15 to 20 per cent, the
porosity and perneability drop off enough that you tend to be
dom nated by fracture flow The question is is that how
continuous is that zeolite horizon? Based on the boreholes
we have, we know that it's interlayered with vitric.

So if you have fractures in one part of the Calico,
do they extend through the vitric and allow you a fast path,
or do you hit, and it's going to be nodeled, or is trying to
be nodel ed right now at Berkel ey, when you cone out of the
fracture in the zeolitic and you hit the vitric, what is that
spread hal o before you head down to the next part, and what
is that hysteresis and tine of that fluid flow, and then the
interaction and sorption.

| don't knowif | fully answered your question, but
| tried there.

PARI ZEK: O her Board questions? Debra Knopman?
KNOPMAN:  Knoprman, Board. Let ne just follow up on this

pi cture, because the nore | look at it, the nore puzzled |



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

475

am | guess, or trying to reconcile this with what | thought
| understood about flow through the UZ close to Solitario
Canyon Fault, which I thought was nore rapid there, but you
have nore rapid infiltration rates on that side. But also
you' re showi ng the | ongest travel tines there.

DI XON: | mght just ask Bo to step up, because |
bel i eve he probably can represent this figure better than
can at this point, since he is the flow and transport guru
here, and 1'Il ask for his assistance, if you don't mnd.

BODVARSSON:  What was the question?

KNOPMAN:  The question was just trying to understand
why--1 thought your nost rapid infiltration rates are al ong
the west side, along the crest in the Solitario Canyon Fault.

But these plots are showi ng the | ongest travel tines to
water table, so--

BODVARSSON: Right. What these plots show, and these
pl ots were done by Bruce Robinson of Los Al anps, based on the
Uz flow nodel for the viability assessnment, basically what it
does is it takes the repository horizon there that you see--
see these particles there on the |left-hand side, you have the
red particles and you have the blue particles, that is just
the repository level. And then he follows these particles
down without any sorption going into--he's interested in
know ng where they go, and interested in the travel tines.

So the Solitario Canyon high infiltration rates are



© 00 N oo o B~ w N P

N NN N NN R R R R R R R R R R
g » W N P O © © N O O M W N B O

476

much further to the west than what you see in this picture
there. The very slowtines that you see on the |eft-hand
side and the bottomside are due to the vitric part of the
Calico Hills that has a porosity of 40 per cent and
perneability of 300 mllidarcies. The blue thing is the
zeolitic rocks that are al nost inperneable, as we understand
themnow, so flowis pretty nuch through the fracture, so
it's very fast.
KNOPMAN:  So this is just a partial area of the--
BODVARSSON: O the Uz flow and transport nodel .
KNOPMAN:  So it's not covering the whole repository?
BODVARSSON: No, this is covering where the repository,
if you put particles at the repository, where they go, but
not the entire UZ flow and transport nodel that includes
Solitario Canyon and further west. That would indicate

exactly like you predicted, nmuch faster travel times over

t here.

PARI ZEK: Thank you. Parizek, Board. A question on why
you might not go to Phase 3. Is that the success of what
you' ve been able to learn from Phase 1 and 2 mi ght be the

reason?

DI XON:  Success of what we |learned in Phase 1 and 2, and
| would say also the fact that in talking with people, the
next phase you mght want to try sonething different than the

vitric. You mght want to try sonething where you have a
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m xed zeolitic and vitric unit, or you mght want to try
sonet hi ng underneath the repository, or sonething different
related to fl ow underneath the potential repository.

PARI ZEK:  You have access to rocks |ike that sonewhere
in the area?

DI XON:  There's potential access in different areas.
nmean, there was potential to come in off the Solitario Canyon
side and get to sonme things on that side there.

PARI ZEK:  And one ot her question about the organic dye.

| guess it's a fluorescein?

DI XON:  There's fluorescein and rhodam ne used in this.

PARI ZEK: Wi ch both have naybe sone organi ¢ tendencies
to hang up, different than just working in a pure capillary
sense?

DI XON:  Yes.

PARI ZEK: Do other tracers show simlar behavior, or is
it alittle premature to answer that yet? | mean, is this a
good tracer?

DI XON: At this point in tinme, we've run--before we
started sone of these tests, there was a series of |aboratory
tests run to try to get an idea running with what we thought

were very conservative tracers versus dyes. The anount of

retention of the dyes in these rocks due to sorption or other
t hi ngs, you know, was mnimal. But, again, these were short-
termtests. W do have other things like lithium brom de
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here, and other tracers that are conservative, where we can
try to look at, and that's what sone of these chem ca

anal yses are showing, and there's not a big difference
between those two at this point in tine.

PARI ZEK: Thank you. Staff? Leon?

REI TER Leon Reiter. W heard about sone neasurenents
of Chlorine 36 at Busted Butte. Could you summarize this and
tell us what's going on there?

DIXON: |I'mnot prepared at this tine to give you that
information. |1'msorry. | know that June has sone of those
nunbers, but | was not privy to that information before I
cane. Wiat | can promse you is that I will get those
nunbers together fromJune, get themto C audia, and she w ||
get themto you here soon.

PARI ZEK: | have one question fromthe public, and it
has to do with boreholes that are being planned for
nmoni tori ng purposes and testing and instrunentation. Wen
will these be sealed, and if not, what inpact will they have
on repository performance? So that's a question that's not
identified who gave it.

DIXON: | mean, are we talking in the ESF, or are we

tal king at Busted Butte here with that question?

PARI ZEK:  No, | think this nmust be in the repository, in
the vicinity of any drill holes that m ght be put there for
i nstrunment ation, performnce assessnent.
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DIXON: | would think that Mark Peters is probably, or
Cl audi a probably are good people to answer that.

NEWBURY: O audi a Newbury, DOE. The sealing of the
bor ehol es woul d occur at closure. W'd have to have a
programin place and the NRC woul d have to agree that the
seal ing of the borehol es was adequate before we could
actually declare the site cl osed.

PARI ZEK:  And it mght also apply about deep drill holes

that are near or that penetrate through the repository

horizon. That would also be true for any deep drill hol es?
NEWBURY: Deep drill holes off the repository bl ock?
PARI ZEK: Well, there's one. 1Isn't there just--you said
t here was one?

DI XON:  Well, SD-6 is--

NEVBURY: SD-6 is on the block?

DIXON: It's on the block. But what other holes are on
t he bl ock- -

NEVBURY: Anything that was on the bl ock would have to
be sealed. Anything off the block would be related nore to

environmental reclamation than to actually sealing as in
sealing for the repository.

PARI ZEK: If the person who asked that question didn't
think they had a conpl ete enough answer, please put up your
hand or conme back to us and we'll try to get nore detail on

that. Thank you. Now, Jared Cohon?
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COHON:  Thank you very nuch. Before we enter the public
comment period, we've asked Steve Frishman fromthe State
programto make what ever observations he would |like to nake
about the neeting or about the program or both. Steve?

FRI SHVAN:  Thank you. "Il try to keep it in line with
the types of observations that | have made in the past to
this Board, and that's nmaybe not tell you anything that you
don't know or haven't already heard, but maybe present it
froma little different perspective to help you think about
it, where your responsibilities |lie and what the Congress has
directed this Board to be doing.

First, from Abe's coment this norning, | think
it'"s really interesting that | had to present a paper that
was published 6000 mles away for sonmebody fromthe Yucca
Mountain project to finally read it and notice it. The title
of that paper was Transparent Doesn't Al ways Make it Right.
And Abe apparently understands that now.

| think since the programis careening towards a
site recommendati on, that maybe we need to think a little bit
about where the Board's duties |lie under the Nucl ear Waste
Policy Act right now. It seens to ne that first of all, the
nost inportant decision that the Secretary of Energy makes in
this entire programcom ng, oh, nore than 15 years after it
officially started, is the decision to recormmend the site to

t he President.
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It's also pretty clear to ne that the intent in the
Nucl ear Waste Policy Act anendnment that established the Board
was to have the Board in a position to, anong other things,
informboth the Secretary and the Congress about that
deci sion, and according to the | anguage of the Act, the
technical validity of the work that went into that, or at
| east a portion of that deci sion.

So at this point, | think you're very close to
being put on the line, at least in ternms of the public's
expectation of what you as a statutory body are doing.

The Nucl ear Regul atory Comm ssion is essentially
imuaterial in your duties. At the tine of site
recommendation, you don't have a specially designated duty,
ot her than your normal reporting duty. The Nucl ear
Regul at ory Conmi ssion has a duty relative to its regulatory
jurisdiction, and that's that at the tinme of site
recomrendati on, the Conm ssion has to provide a report on
whet her the information fromsite characterization seens

sufficient for |icense application.

| see that as quite different fromyour charge to
| ook at the technical validity of site characterization. And
the Board, after site recommendation, if the site is
recomended, the Board still has sone duties, but those
continue to be to the Secretary and the Congress in terns of

reporting on technical validity, not reporting on your views
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of what NRC ought to be doing, and your duties end
essentially when the Secretary can't do any nore than either
accept the fact that a |license was denied, or is off on--has
told the Congress that it's time to start thinking about
sonet hi ng el se.

So the Board's responsibility is to do for the
public what the NRCis doing in a regulatory world, | think,
and that's does the site neet the expectations of safety, but
froma slightly different perspective. |In your case, from
essentially a standard of scientific conpletion,

conpr ehensi veness, excellence, and so on. The Conm ssion, on
t he other hand, has previously established rul es maybe, and
their judgnent is whether the information presented to them
denonstrates sone reasonable certainty of conpliance.

So now we're fast getting to a position where the
expectation fromthe Secretary, the Congress, and especially
the public, is that you will have sone very definitive things
to say at this nost inportant public decision.

| think what we've heard over the |ast couple days
makes nme pretty uneasy about the Departnent's view of the
seriousness of the site recommendation in terns of a
denonstration of the degree to which a Yucca Muntain
repository mght be safe or not, and safe by no standard that
we know of today. And |I've heard maybe sone uneasiness in

sonme areas, but let me go to | guess the way that | and
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people that | work with and people that | speak to in the
publ i c who when they can |l earn to understand DOE s | anguage
in this program begin to expect things to be shown to them

First of all, | take the Yucca Muntain safety
strategy as sort of a basis for a site suitability
determnation, and it's invented by the Departnent, but it
says how they think the site ought to work, to create a site
that nmeets expectations of safe disposal. The elenents of
that are just in shorthand, |ow seepage, long-life waste
package--this is nothing new that people don't know -sl ow
rel ease in transport, and concentration reduction.

Well, if we look at the things that we' ve seen over
the | ast couple days, |ow seepage is pretty w de open, and |
think sone of the information that was presented fromthe
drift scale heater test tal ks about how w de open that m ght
really be, because there were things that | think were maybe
unantici pated in the sense that we have to sort of rethink
conceptual ly how water m ght nove around based on both the

heat -up and the cool - down.

Now, in general, | think maybe we're all sort of
t hi nking the sane thing. But in the specifics of it, | see
some sort of interesting things about how water may nove,

especially during and after a cool -down, once we see that the
wat er doesn't violate gravity, which | hope we didn't expect

it would, but also that water is likely to flow back through
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on the cool -down. But also, those tests aren't going to be
conpl eted, and especially the very inportant aspects of cool -
down aren't going to be conpleted until well after the site
reconmendati on.

And this is one of the key el enments, regardl ess of
what the tenperature is, as long as you have it high enough
to where you have a vapori zati on condensati on process going
on, and it looks to ne as if even though the inpending
deci sion by the Departnent for its |latest design, and |
remnd you only | atest design, is a couple weeks away, and
"1l talk about that a little nore in a mnute, it |ooks to
me as if the decision has been made that we are going to have
a repository design that includes sone anount of rock at

boiling tenperature.

So that long-term heater test is not going to be
avai lable to tell us anything really reliable about seepage
until way after the recommendation is made.

The long-life waste container, well, we've heard
that it's even better than anybody ever thought in the |ast
few days. | have a hard tinme conceiving of sonething that is
essentially indestructible in nature for over 100,000 years,
when we don't really have a | ot of experience, and sone of
you may think that I'mignorant, but at the same tinme, |I'm
not convi nced, and you may convince a |licensing board at sone

point, but you're out in an area where it's very difficult to
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convi nce people that fromyour engineering judgnent, and a
few years of research, that we can have essentially near 100
per cent reliance on a repository, when in fact what woul d be
made under these circunstances is not really a site
reconmmendation, it's a continual reconmendation, because
that's where the reliance really is.

We | ook at slow release in transport, we have sone
places to go. | think the question about this latest Calico
HIlls work is inmportant, and that's how do you know it mneans
anything in the repository systemoverall. W also know that
the UZ nodel still relies on things Iike that, and probably
isn't going to get very nmuch, if any, better for the site
recommendation. W also know that there are sone conceptua
i ssues having to do with the UZ nodel, and back in | think it
was '91 and '92, there was a small flurry of concern about
alternative conceptual nodels, and yesterday, Marty Mfflin
brought up the point that a ot of what is being discussed
was first nentioned back in that, and even before that tine
peri od.

So we still have a what | believe to be a
controversy over conceptual nodel, and |I think there's enough
information out there, and also if you | ook at even the nost
I enient requirenment that m ght show up in NRC s Part 63, the
Department still is going to have to | ook at alternative

nodel s and expl ain sonmething to sone extent why they objected
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to nodels that they're not using.

If you |l ook at the concentration reduction, once
again, | think the saturated zone nodel is under as great or
greater, probably greater fire than the unsaturated zone
nodel. And it likely will get better through tinme, not
because it was planned all along to understand the saturated
zone, but because work finally is being done now Once
again, the results of that work and any definitive basis are
not going to be available to inprove people's confidence in a
site recommendati on, when that site recommendation is the one
that is really a go/no go as far as the judgnent of an
official who can only really be chall enged on whether that
decision is arbitrary and capricious or not.

When that site recomendati on decision is made,
there are essentially no criteria that the Secretary is bound
to hard and fast, and what few there are, the Departnent is
trying to get rid of. So it's a decision, a policy decision
where there is essentially no hard and fast standard. So the
only thing that we, the public, can do is try to hold the
standard as high as possible.

Now, | think for M&O s recomended design, you're

really being sort of unfairly put on the spot, where you were

told yesterday that it's sort of expected that you'll give
your views on that EDA Il before the Departnment nakes its
final decision in a couple weeks.
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|"'msensitive to at | east one of the comments that
was nmade yesterday about there's an awful |ot of hidden
policy in that recommendation that is not explicit, and al so
shoul d be out there for other people to be involved in. And
| guess the only way that | can see howto do that, and |
know this once again violates Lake's schedule and all the
rest, but at the same tinme, | think this recommendation is
i nportant enough to where Lake can put his schedule aside if
enough people think the job is not being done well enough and
there's not enough certainty, and there has not been enough
i nvol venent in the types of policy decisions that are very
deeply enbedded in this | atest design, and al so in other
parts of the whole repository eval uation.

The sinple thing to do, and the fact that we're
dealing with not only the need to rely on essentially al
future for contai nment of the waste, we now know t hat we have
10, 000 years free tinme on a container, | think maybe we could
take a few extra nonths, or even a little bit |onger than
that, why not get the real repository proposal in the EIS and
then we'll all reviewit, rather than putting the Board on
the spot to pieceneal sonething that | know you're
unconfortable doing, and | think it's absolutely unfair for
you to be put on the spot for what is only the | atest
great est desi gn.

|'ve been in this program since day one. |'ve seen
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a lot of latest greatest designs, and | also amgetting nore
and nore sensitive to presentations such as we had al nost al
day yesterday where we, by the end of the presentation, we're
supposed to be thoroughly convinced that the engineers
t hought of everything. And current nmenbers of the Board have
been through this a fewtinmes. So why not be in a position
where instead of putting the Board on the spot for sonething
that in the long-termprobably is not really very neani ngful,
because what they'd |ove for you to do is say yeah, yeah
that's great, and then they'll change it again in about a
week anyway. So you've bought into a little piece of it, and
now you're going to have to buy into nore, and that's going
to keep going on, because that's the history of this program
So why not just say okay, DOE, it's tinme for you to
tell us what it is you think you can do, and tell us in very
definitive terns, and maybe just stop for a little while and
et the Secretary decide whether to recommend this site, do
an EIS like all other big projects have to do, |let the people
deci de, |l et Congress decide whether froma policy basis it's
a good thing to do, rather than as is very obvious, and ot her
peopl e are using the term nology now, and that's "there's a
train com ng and get the hell out of the way." The
alternative I think at sone point, we're going to have to end
up, and it's just a matter of how many nore hundreds of

mllions of dollars get spent before that happens.
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| guess only one other point that I want to make
just for your thinking, and I think it goes once again
directly to the idea of how inportant the site recommendation
is, and that's the idea of essentially deferring a closure
deci si on, which neans deferring a disposal decision. That's
not what the original Act was all about.

Al'so, if you go back, and |I never believed, really
bel i eved the good intentions at the tinme when in the |ate
Seventies, people started out spouting this "we created this
problem we can't |leave its solution to a future generation.”

Well, now what we're suggesting, or what is being suggested,
if you defer closure, which is deferring a disposal decision,
what we're really saying is we are deferring the problemto a
future generation.

And what is inplicit in the idea of pushing it out
there, and | know | heard Lake and others tal k about how
wonderful it is to |let them make this decision, when the idea
is sort of bounded in the assunption well, maybe there's a
resource there and we can make themrich or sonething.

Well, what's really underlying it fromthis
programis point of viewis passing on the presunption that it
will be absolutely safe, so they can nake deci si ons about al
ot her wonderful things if they want to close it, or be
absolutely safe if they want the resource, fine. But the

presunption and the idea of deferring is we're deferring
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sonet hi ng safe

If you |l ook at what is behind the recomendati on,
that presunption is not supportable, and in fact what we're
doing is we're deferring nore risk to future generations than
we are--than we would if we didn't do anyt hing.

So just a point to think about in ternms of the
i nportance of the site recommendation, and sort of the
pl anning that's behind it, and where the Board needs to wei gh
in because, and | told nyself | wouldn't do very nuch of
this, but if you |look at all of the oversight, which is the
nost overseen programin the world, we're about--you' re about
all we've got |eft, because the regulator sure isn't going to
do it for us, and we know that.

Thank you for your tine.

COHON:  Si x peopl e have signed up to make public

comment. Let ne just go over sone ground rules very briefly

for how we'll conduct this session.
First of all, please recall or be aware, if you're
not aware of this before, your remarks are for the record.

They' re being recorded, which is one of the values of the
public conment period in our neetings, | think.

Consequently, we'd like you to identify yourselves with your
name, your affiliation, if any, and if you care to give it,
it's not necessary, and please talk into a m crophone, either

the one right there or the one up here, whichever is your
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pr ef erence.

Because of the nunber of people who have signed up,

and the | ateness of the hour, |I'd ask each of you to try to
restrict your coments to five mnutes. | wll notion or
ot herwi se nmake nysel f annoying, | guess, at five mnutes so

you know time is up
We'l|l start with Engl ebrecht Ti esenhausen from
Clark County. |Is he still here? There he is.

VON TI ESENHAUSEN:  Thank you, M. Chairnman and Board.
|"d like to thank you all for giving ne the opportunity to
listen to your questions and to listen to all the
presentations that were nmade by the program people. Mny
significant issues were discussed, and obviously |I'm not
going to go through those again, and | prom se not to incur
the wath of the Chairman by going over ny tinme limt either.

In ny estimation, the Board's next report wll be
one of the nost inportant ones as far as the programis
concerned. |, therefore, urge the Board to evaluate as

conprehensi vely as possible the information they have then

and will be given.
| also strongly urge the Board to present their
findings and conclusions in a very direct manner. This would

make the report nore understandable to the public, and
clearly identify the areas that need further study, or those

where nore transparent presentation or further elucidation of
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past studies or decision processes i s needed.
Thank you.
COHON:  Thank you. Sally Devlin.
DEVLIN:  Again, thank you so nmuch for comng to Beatty.
It's always a pleasure to see you here in Nye County, and |

hope you'll do it again, and | hope we can have you in
Pahrunp. But of course | have to | eave you | aughing, and I
have sone very good news for you. The bad news is first, |I'm
all out of geriatric tables. So |I'msorry about that. But
the good news is we got sone noney at the University, and we
are going to test the water starting in Novenber, which we
will present to you all for radiation, as well as fluorides
and nitrates. So that's going to be fun, and you will hear
fromme on that.

Now, | see Lake Barrett isn't here, so | can't yell
at him |Is soneone here fromhis office? Abe? OCh, good.
Because | had a comrent for you. Abe was tal king and he used
in one sentence six acronyns, and | said if you're going to
wite this book and the public is going to read it, you had
better put a large glossary in the front so that we know
English. W're so used to tal king these acronyns, you don't
even realize that the public doesn't understand a word you're
saying. So |l really do, I would like his address so that |
can have the Board wite to himto start on our $50 million

proj ect .
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The other one is that | need the Board' s address so
that | can ask you, or the hospital board can ask you for a
recommendation for our big project, because it's got to start
now. This is not sonething that you can go with, and I
understand the attitude that if we don't get Yucca Muntain,
wel |, who cares. M feeling has al ways been about the test
site, that Yucca Mountain is at the test site, and the test
site is totally contam nated, and even though you' re on part
of the Tonopah Test Range, that you're just as contam nated.
And if it doesn't go, you're still going to have to clean up
the ness. So you need sonet hing nedical for your needs.

| think it is inportant for this Board to care
about the workers and the doses that they' re getting, and DCE
is having all the people that have worked at the test site,
Hanford, SRS, and so on, go in for physicals. At Hanford,
t hey had 8,000 people show up. They had noney for 2,500. So
you see we're doing this at the test site. These people are
dyi ng of cancer, and | know them and that's not nice. So we
have to have all kinds of medical, and this goes towards
transportation, too.

|"ve talked to OSHA. They're not going to do a
darned thing for ten years. But unless you have sonething
that not only the dangerous test site, Tonopah Test Range,
Nellis, and so on, and you have sone nedical, and then you

have the people, and you heard Tomtal k about 150,000 in
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Pahrunp, and then you have our one interstate highway, which
is a nine hazard, U S. 95 is as high a hazardous road as

t hey have, we have got to have sonmething nedical and it's got
to start now. Because it will take five years, it wll take
someone with imagination and guts, and so on, to put the PUB
the DOE, everybody together, because this is a major project
that may lead to the whole state going this way, that may

| ead to the whole nation getting nodernized. But until
Nevada grows up and realizes this has got to be done,
sonmebody has got to take up the cudgel.

So the only other thing I have, and of course | was
rat her concerned, and that is | have been tal king about the
Nel son limts, and when the man was tal ki ng about the
canisters and | asked ny question, what | really wanted was
themto invent a little tiny canister that is in proportion
to the one that will be used, and that they would put the
four or five tons of the high level waste in. But | want
themto reduce it, and I want themto reduce the waste, and
then I want themto put it inalittle iron roomand fill it
with water and all the rest of the stuff that's going to
happen in Yucca Mountain, and then if the Nelson [imts prove
true, then it wll explode, and that's what |'mtal ki ng about
with the Nelson limts.

So this is nmy suggestion for a test to see if this

catastrophic explosion will occur. | didn't nean for
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everybody to put four or five tons in a real grown up
canister. So please understand that this would be a little
bitty test, so only a little bitty would bl ow up.

The only other thing | have to add, and of course |
have to | eave you | aughing, and that is about costs. | have
been tal king about, and it's on Page 45 of Volune 2 of the
Viability Assessnent, about two repositories. | brought with
me Senator Donenici's remarks about two repositories. | have
Russ Dyer's quote about oh, gosh, we found 109 netric tons of
hi gh-1 evel waste. And |'ve been saying for years to this
Board we've got 126,000 netric tons. So |I'mvery concerned
about the cost, because in Volunme D in the Appendi x on Page
D1, it says 1,500 canisters will cost $3,000,000,681. And
the reports | heard today, they will be 10 billion to 20
billion.

Now, if we have two repositories and time goes on,
and so on, and | know we have inflation and I know all this
stuff is $98 or $97, we're talking just for canisters, 40
billion. Well, the Congressional report back in '94 says 25
billion for the first repository, and 35 billion for the
second, and |I'mso sorry, but being an old housew fe, you
know, on a budget, | don't think that's nice to double and
triple the noney. And will the public accept it?

And so with that, | hope you're | aughing, because

if it gets up to 60 billion, I'mleaving.
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COHON:  Thank you, Ms. Devlin.

Ms. Devlin, just one clarification. | won't cal
it a factual clarification, but a data clarification. 1In the
designs that DOE presented yesterday, their cost estinmates
are in the range of $20 to $24 billion, and that includes--
wel |, good or not, that's a nunber and that's their | atest
estimate. So that's the nunber that they' ve been using.

DEVLIN. That's a very nice nunber. Thank you very
nmuch.

COHON:  Thank you, Ms. Devlin. Jerry Szymanski. You
m ght want to repeat your nanme and if you care, your

affiliation just so we get it right on the record.

SZYNMANSKI :  Jerry Szymanski, that's S-z-y-ma-n-s-k-i
| do consult part-tinme for the attorney general, State of
Nevada.

My comrents pertain basically to Nye County
results. First of all, I would like to welconme the Board to
Beatty, where it's hot. | found that the title Early Warning
is particularly appropriate for the program and | do not
nmean early in ternms of the future releases fromthe

repository. | nmean in terns of the conceptual understanding
of the hydrologic systemwith the old geol ogi cal system
which is--to the decision to be taken very | ate next year,
which is site recommendati on.

Now, what we have found al ready, based on the
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results, is there is a hydraulic mound. W do know that this
is not perched water. W also know that the head is
abnormal, it is higher than it is upstreamin the flow paths.
So we are clearly dealing with a hydraulic nound.

Now, what is causing it? And there are two general
possibilities. One, the process which m ght be being
explored there is what we call a forced convection, that is,
there's sonething which are broken the floor and the water is
flow ng upward. There's another possibility, and that
possibility is that we are looking at the termnally unstable
system which is hosted in a nmechanically unstable system
VWhat do | mean by that, termnally unstable? It is basically

that the nunber exceeds its stability limts, and the water

is convecting. Mechanically unstable, | nean that the
tenperatures are changing. In other words conductivity of
t he host is changing.

By putting two together, you mght begin to
understand the rel evance of the second possibility. Now, |
do understand that the first one, this forced convection, is
a natural way that hydrologists think about things |ike that.

However, there's no basis for it. Short of observing the
systemfor a very long tinme, and | nean |like tens of hundreds
of years, we cannot tell the two apart. W just don't know.

Now, it would inappropriate if we were to call one

of the Del phi systens to pass the judgnent on what is it.
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Now, fortunately at Yucca Mountain we got |ucky. The--hosts
t he whol e bunch of m nerals which we all agree were deposited
by water, and nostly agree |lately that sone of them were
deposited by hot water. Wat we do not know is the age of
these mnerals. Now, what is inportant is that we will not
know this age when the site reconmendation report is
submtted to the President. So, in other words, the nost
fundanmental question won't be answered.

Well, there's another opportunity, which is offered
by Nye County results. It is quite easy to obtain sanples of
the water, obtain isotopic signatures of the water, and |
mean strontium | nean uranium |ead, carbon and oxygen, and
try to match the signatures with the signatures of the
deposits which exist at Yucca Muntain.

If you recall, there is the USGS work whereby they
had found that the m nerals which we're tal ki ng about were
not deposited by water imediately from bel ow t he wat er
table. That's true. Sonehow, USGS is getting to the
conclusion, therefore, they nmust have been deposited by
rainwater. Well, | wouldn't go that far. Logic tells ne
t hat the conclusion that sone other water was involved is the
only one which is justified.

In other words, we can performthe testing, is it a
forced convection or is it an unstable system wth a very

smal | investnent of noney and tine. It can be done within a
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few nmont hs, and woul d cost tens of thousands of dollars, no
nor e.

Now, at the end of my speech, thinking about
responsibilities of the Board that Steve Frishman outlined,
woul d seek the assistance of the Board to assure that the
guestion, is it A systemor is it B system is answered
before--1 underline before--the recommendation is given to
the President. Oherwise, we will be |ooking at a very, very

messy process in the future.

Thank you very nuch
COHON:  Thank you, Dr. Szymanski. Earl MGee?
MC GEE: My nane is Earl McCGee. |'mfrom Amargosa
Valley. I'ma United States citizen; that's what |
represent, nothing else. And | want to repeat what | tried

to get across to Lake Barrett and the other group in 1995. |
asked a question what is your alternative if Yucca Muntain
is found to be unsuitable. There was no answer. | told him
it would appear |ike man has created a nonster and now
they're admtting that they cannot control that nonster.

Burying any of that in the earth is the nost insane thing

|"ve ever seen, and that goes back to 1943, when three nonths
after | turned 16 years old, I was 6,500 mles away in the
South Pacific, and | saw a lot of things there that | didn't

agree with, and | certainly don't agree with this.

You peopl e have worked hard, every one of you.
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There's no doubt about it. |It's the very beginning of that
work that | differ with. If we can't find sonme way of
processing or controlling that, and like | told Lake Barrett
and the other group, build the vaults on the surface of the
earth, build them strong enough to where in case of an

eart hquake, any seismc activity, they would rock |ike this,
and you could line that with space age technol ogy. Like one
gentl eman said, well, concrete won't |ast 10,000 years.
Hel |, humanity as we know it is not going to |last 10, 000
years. That's obvious. They get their mnd out of their
backsi de and start thinking positive. |'ma nenber of the
human fraternity. | don't deny any other segnment of the
human fraternity for their views. | may differ with them
but I don't deny them and haven't.

And |i ke the neeting on Fernald when |I asked the
guest of what are you going to do with that when you get it
on the test site, well, we're going to bury it in a shallow
grave, which is ridiculous. W've got to take all waste and
do sonething with it, process it in sone manner. And like |
said nore than once, this so-called Superfund cleanup is a

joke, and it's nothing but a joke. W can do better, but it

has to be at the very foundation
The gentl eman who just spoke gave a | ot of reasons
for not having that out here. Hell, it shouldn't be

anywhere, and you shouldn't transport it across the country.
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| said that at another nmeeting. [It's stupid.
| notice that M. Frank Kane, who's president of

the Building and Trades in Las Vegas, wote a letter and |
think it was, oh, the Senator from Al aska who read that on
the Senate floor. Frank worked for ne down there when | was
wi th Raynond International, one division of it. | left him
on the project to cover it. He's an iron worker. Wen
heard about this letter that was read there, | got ahold of

Frank and told him "What the hell is the matter with you?"

He said, "Well, Earl, we've got to put it sonewhere.” It's a
] oke.

And | want to thank you very much, and I comend
you people for your endeavors. You' ve worked hard. The only

thing is the work is not in the right direction.

Thank you.
COHON: Thank you, M. MCee. Wth apol ogies for
m spronouncing, | won't even try so | don't ness it up, Ms.
Hazl ett. Maybe you could restate your full nane, because |

didn't get it.

HAZLETT: M name is Gen Hazlett. | am a Bl ackfeet
woman that lives in Tocopah, California, and I work with
Cor bi n Harney, who's a Western Shoshone el der who can't be
here today, and asked ne to say a few words, and sone peopl e
t hat canme with us.

You know, | have to say sone things that he wanted
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to get across, and for the record, this Yucca Mountain is a
sacred site to the native people. It would be the sane thing
as if the government wanted to store this waste in your
churches, because we cannot have our cerenonies w thout our
land. We don't use buildings. W have these sacred pl aces,
and the whole test site belongs to the Western Shoshone
people, and they are not allowed to use it. O course, it's
alittle unsafe right now.

And to even consider using Yucca Mountain as a
repository with all of the earthquakes going on nmaking it
unstable, with the sub-critical tests that are being
conducted that further nmake the ground unstable, as | said to
sonmeone |ast night, it's Iike trying to store water in a
shaky sponge, and the safety of all the people is at risk.
Everybody is at risk. 1It's not just people 25 mles down the
road in Amargosa Valley, like | heard sonebody el se say at
anot her neeting. You know, it's all of us. It can't be
stored there. |It's not--the scientists know this, the
geol ogy reports, it's unstable. And transporting it across
the country is very dangerous.

| know from personal experience, because |I'm an
anti-nucl ear activist also, and sone of our road bl ocks that
we' ve had, we have found the trucks hauling these things into
the test site to be leaking very badly. So it's just--

really, I don't know what the solution is, but if you stop
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producing it, if you shut down the nuclear power plants,
contain it there and then put all your energies into finding
a solution for this, solar power is good, w nd power is good.

In fact, considering the talk about this Y2K problem you're
going to have to use solar panels on these nucl ear power
pl ants or they're going to bl ow.

Thank you.
COHON: Thank you, Ms. Hazlett. M. Gllnore? And

maybe you could state your full nanme, since | didn't get it.

G LLMORE: My nane is Maria Gllnore. |'m speaking as
your sister. |I'd like to address the overall problem of the
nucl ear waste site and to ask, if not demand, the cessation

of any further production. Healthy and harnml ess alternatives
should be fully utilized fromthis noment onwards, regardless
of the cost. And we are like lost children right nowwth a
probl em far bigger than our young m nds can consciously deal
wi th, and who do the children turn to for advice?

Not so many of the native elders are left, but they
are due to neet soon and | feel conpelled to informyou of
the forthcom ng gathering of the traditional elders from al
over the world, which will take place between the 12th to the
17th of October this year at Angels Gate Cultural Center in
San Pedro, California in the hopes that a group of your
menbers may attend and join in talks to find a solution to

our present predicanment, because it's all of our problem
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Thank you.

COHON: Thank you, Ms. Gl nore.

Are there any other nenbers of the public who would
care to make a comment or ask a question?

(No response.)

COHON:  Seeing none, let nme just nake a few cl osing
remar ks.

This has been a very good neeting | think, and a
very significant neeting for many of the reasons that Steve
Frishman offered in his observations. This is a key nonent
in the history of this program as DCE nears a decision about

a design that they will carry forward.

In a lot of ways, it's the beginning of the stretch
run, if you wll, towards a site reconmendation to the
President. That's a very short tinme away, 2001 is very

close. There's a great deal to be done, not just by DOE and
its contractors, but by this Board, including, as we've
heard, conmmenting on the reconmmended design that DCE is

consi deri ng.

We heard about the scientific program a status
report on that, which was very useful. It was particularly
encouraging to hear fromthe participants of Nye County in

t he science program especially their drilling program and
it was good for us to see it on our way up here on Mnday.

| do want to enphasize that we, the Board, both
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understand the role that we play, not very different in fact,
Steve, from what you suggested, and we're very aware and
sensitive to the key decisions and m | estones that are before
t his program between now and 2001. We will be up to the
task, | hope.

| want to thank several people for this excellent
nmeeting. Let nme start with Carl DiBella, a nenber of our
seni or staff who was responsible for putting together the
technical program Carl, raise your hand, please. W
appreci ate your efforts.

M ke Carroll, our Deputy Executive D rector, who
al so handled all the coordination for this neeting. Mke is
sitting at the back. Thank you, M ke.

Linda H att and Linda Country, both of whom al ready
left for Las Vegas to advance our next neeting, our business
nmeeting which will start tonorrow, they handled all of the
| ogi stics, as they always do for our neetings. | inagine
it's always a challenge, but doing it in a place |like Beatty,
a good two or three hours fromlLas Vegas, is a particular
chal l enge, and it went off very well, and I want to thank
t hem

Qur support people who nake the record possible and
make it possible for all of us to be heard, | want to thank
them Scott Ford, our recorder who's always with us. Scott,

that's S-c-o-t-t. And John Stout, our audio guy.
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| want particularly to single out one person here
in Beatty who was just magnificent. |If she's not in the
room | hope we can find her. There she is. Please cone
out, Mary. This is Mary Ball. Mary, | just want you to know
with all the talking and all the stuff that's gone on the
| ast few days, you're the only person who got a real ovation.

Now, what does that tell you

BALL: Thank you. But what did | get that for?

COHON:  For everything you did. W appreciate not only
the coffee and the drinks, but everything was on tine,
everything was great, it was flaw ess, and we thank you very
nmuch.

BALL: Thank you. | appreciate that. But let's also
give a hand for Dorothy Foresithe. | don't think she's here,
but she did help ne out.

COHON: Let's hear it for Dorothy. Thank you.

The folks at the Senior G tizens Center, who could
not have been nicer in feeding us and caring for us, and the
Town of Beatty generally for welcomng us in a variety of
ways, it's ny first tine here, the second tine for many of
the staff, but the first for nost of the nenbers, and I'm
| ooki ng forward to com ng back

| do want to say that having our neetings in places
li ke Beatty is not only inportant so the Board and DCE and

ot hers can hear fromthe public, but it gives the Board
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menbers a sense for the place where the possible site wll
go. You cannot get that being in Washington or Pittsburgh
where | am or where any of the other nenbers are | ocated.
You have to be here.

Now, although we were only here for a coupl e of
days, we have been el sewhere, not in Beatty, but Pahrunp,
Amargosa Val l ey--Valley, as Ms. Devlin said, and we'll be
back. So thank you for the experience, not just for the
hospitality, but for giving us the chance to get to know

Beatty and this place a bit nore.

Thank you all for your participation and comrents.
We'l|l see you at our next neeting. | don't renenber when
that is, but watch our website and watch your nmail

Thank you very nuch. We're adjourned.
(Wher eupon, at 3:10 p.m, the neeting was

adj our ned.)
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